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[1]  The present invention provides recombinant methods and materials for
producing polyketides in recombinant host cells; recombinant host cells that
produce polyketides; novel polyketides related in structure to the epothilones; .

- methods for purifying epothilones; and crystalline forms of epothilone D. Ina
preferred embodiment, the recomribinant host cells of the invention are from the
suborder Cystobacterineae, preferably from the genera Myxococcus and Stigmatella, -
which have been transformed with recombinant DINA expression vectors of .ﬁ1e-
invention that encode modular or iterative polyketide_ synthase (PKS) genes. The -
recombinant host cells produce known and novel polyketides, including butmot -
limited to epothilone and epothilone derivatives. The invention relateé to the fields
of agriculture, chemistry, medicinal chemistry, medicine, molecular biology,-and
pharmacology. '

Backeround of the Invention

[21  Polyketides constitute a class of structurally diverse compounds
synthesized, at least in part, from two carbon unit building block compounds
through a series of Claisen type condensations and subsequent modifications. -
Polyketides include antibiotics such as tetracycline and erythromycin, anﬁcanéer 2
agents such as the epothilones and daunomycin, and immunosuppressants such as
FK506, FK520, and rapamycin. Polyketides occur naturally in many types of -
organisms, including fungi and mycelial bacteria. Polyketides are synthesized in
vivo by polyketide synthase enzymes commontly referred to as PKS enzymes. Two
‘major types of PKS are known that differ in their structure and the manner in
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sites, each of which is used only once during carbon chain assembly and

modification. Iterative PKS enzymes are typically multi-protein complexés in
which each protein contains only one or at most two active sites, each of which is
used multiple times during carbon chain assembly and modification. As described
in more detail below, a large number of the genes for both modular and aromatic

PKS enzymes have been cloned.

[4]  Modular PKS genes are composed of coding sequences organized to encode
aloading module, a number of extender modules, and a releasing domain. As

_ described more fully Below, each of these domains and modules corresponds to a
polypeptide with one or more specific functions. Generally, the loading module is

- responsible for binding the first building block used to synthesize the polyketide
and transferring it to the first extender module. The building blocks used to form
complex polyketides are typically acylthicesters, most commonly acetyl,
propionyl, malonyl, methylmalonyl, hydroxymalonyl, methoxymalonyl, and
ethylmalonyl CoA. Other building blocks include amino acid and amino acid-like
acylthioesters. PKSs catalyze the biosynthesis of polyketides through repeated,
decarboxylative Claisen condensations between the acylthicester building blocks.
Each module is responsible for binding a building block, performing one or more
functions on that building block, and transferring the resulting compound to the
next module. The next module, in turn, is responsible for attaching the next
building block and transferring the growing compound to the next module until
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and pharmacol ogy. Back ground of the Invention [2] Polyketides constitute
a class C)E6]St r telicr)gclljhé Igui)c\:iglresoef t(I:lg EOéJSnqu%S consists of anacyltransferase (AT)
- and an acyl carrier protein (ACP). The AT of the DEBS loading module recognizes
propionyl CoA (other loading module ATs can recognize other acyl-CoAs, stich as
- acetyl, malonyl, methylmalonyl, or butyryl CoA) and transfers it as a thioester to-

the ACP of the loading module. Concurrently, the AT on each of the six extender .

modules of DEBS recognizes a methylmalonyl CoA (other extender module ATs: :

can recognize other CoAs, such as malonyl or alpha-substituted malonyl CoAs,

i.e., malonyl, ethylmalonyl, and 2-hydroxymalony! CoA) and transfers it to the

ACP of that module to form a thioester. Once DEBS is primed with propionyl- and

methylmalonyl-ACPs, the acyl group of the loading module nﬁgrates to form a -

thioester (ﬁans-esterificaﬁon) at the K5 of the first extender module; at this stage, -

module one possesses an acyl-KS adjacent to a methylmalonyl ACP. The acyl

group derived from the DEBS loading module is then covalently attached to the -

alpha-carbon of the extender group to forma carbon-carbon bond, driven by

concomitant decarboxylation, and generating a new acyl-ACP that has a backbone.

two carbons longer than the loading unit (elongation or-extension). The growing -

polyketide chain is transferred from the ACP to the KS of the next module of

DEBS, and the process continues.
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of coding sequences organi zed to encode "a | oadi ng nodul er of
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each of these donmj nd dul es corresponds to a _polypeptide with one or
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and modules include those with only a KR domain, only an inactive KR domain, and

~ with all three KR, DH, and ER domains.

[81  Oncea polyketide chain traverses the final module of a PKS, it encounters
the releasing domain, typically a thicesterase, found at the carboxyl end of most
modular PKS enzymes. Here, the polyketide is cleaved from the enzyme and, for
many but not all polyketides, cyclized. The polyketide can be further modified by
tailoring or modification enzymes; these enzymes add carbohydrate groups or
methyl groups, or make other modifications, i.e., oxidation or reduction, on the-
polyketide core molecule and/ or:substituents thereon. For example, 6-dEB is
hydroxylated and glycosylated (glycosidated), and one of the glycosyl substituents
methylateci to yield the well known antibiotic erythromycin A in the

* Saccharopolyspora erythraea cells in which it is naturally produced.

[P  While the above description applies generally to modular PKS enzymes and
specifically to DEBS, there are a number of variations that exist in nature. For

example, many PKS enzymes comprise loading modules that, unlike the loading
4
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i ncor por atREgsentrrstRadh pi thef antimesite dysieirih dMormmder ghesvhdhesilofidikeDEBS PKS

consi sts of acyl.transf erase (AT). nd an acyl carrier protein (AC).
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nodul es of DEBS recogni zes a nethyl nal onyl er e

can recoghkb@bpamdraemgcinsainbnaibosehed pepaidealyptlase %M@S&lg,héﬁ agehany|

CoAs, i.e., malonyl ethylpmalonyl, and 2-hydroxynal onyl A) and transfers

it to the enEéPY%‘i?ﬂtlFhﬁblﬁmh@lﬁ@fi%anmmwplyble@mw@% is primed with

propi onyl - and nethyl mal onyl - ACPs, the acyl group of the |oading nodul e

mgrates to forma thioester (trans-esterification) at- the KS of the first

ext ender ipgjul ithbi : acyl - KS .adj acent.

extender )yl @k ihbbaft Ao PHES BREABSFASRT B 5 ofRulthgcen
- blocks incorporated as extender units. As for starter units, some PKS enzymes

The

incorporate amino acid like acylthioester building blocks using one or more NRPS
modules as extender modules. The epothilone PKS, for example, contains an NRPS
module. Another such variation is found in the FK506, FK520, and rapamycin PKS
enzymeé, which contain an NRPS that incorporates a pipecolate residue and also
.serves as the releasing domain of the PKS. Yet another variation relates to

- additional activities in an extender module. For example, one module of the
epothilone PKS contains a methyltransferase (MT) domain, which incorporates a-
methyl group into the polyketide.

[11] = Recombinant methods for manipulating modular and iterative PKS genes
are described in U.S. Patent Nos. 5,962,290; 5,672,491; 5,712,146; 5,830,750; and
5,843,718; and in PCT patent publication Nos. 98/49315 and 97702358, each of
which is incorporated herein by reference. These and other patents describe

- recombinant expression vectors for the heterologous production of polyketides as
well as recombinant PKS genes assembled by combining parts of two or more

different PKS genes or gene clusters that produce novel polyketides. To date, such
5



group derived fromthe DEBS | oadi ng nodul e i s then coval eB8 Dgtohet 2(ed to
the al pha-carbon of the extender group to forma carbon-carbon bond, -
driven by concomtant decarboxyl ation, and generating a new acyl - ACP t hat

has a bacWBd#3800t wo car bons | onger than the | oadi ng unit ¥&I/Use37OBN or .
extension). The growing polyketide chain is transferred fromthe ACP to ~
the KS of the next nodul e of DEBS, and the process continues. 3 28 Cctober
2004 WO 01/83800 PCTI US01/ 13793 [7] The pol yketide chain, grow ng by two
car bons fethoatsthaveddes wkdBEgBpdiise knewmeot navdl paoipleatidesdn cxganigaisent | y

bound thiocester_fromnodule to noduyle, in an _assenbly |ine-like, process.
The car botPRyRsi Hrepfarreed” t%@ayr)’oﬁli%gm&mﬂlﬂmaﬂ@@s§@S§ndylee$imne at
every ot . ro | ng a.pelyket o r.0 i _ ‘name

pol yieti g B AR B R oA B R U s AR NS, AP EBEet vit es
nmodi fy thﬁcgﬁ;@ [rpgf ] | ' EY{%E% t.\vo-

carbon unit asa%ggﬁargdd dr%g?éé{r&g) tlﬁgh% aiér{qﬁjggt)?zgz%lg%r to 1 81¥1\gxt

modul e.  dépendennondhé heterologotb expiassivl of PHbsplestirabibiensy] KmsAkas@nd ACP
necessary to_ formthe carbon-carbon bond, nodul'es may contain a _
ket or educthich aokiRptestthe AGR deveains pé thePKSKseeoPGT qublicatian Niv.«Q{dB84%ybdul es -
may al so .contain KR plus dehydrat ase (DH) that dehydrates the al cohol
to a doublpgowaﬁegl\kﬁfﬁ &A€L contain a KR, a DH  and an

enoyl reductase (ER) that converts the double bond to a saturated single
bond using the beta carbon as a nethyl ene function. The DEBS nodul es

i ncl ude tfhope Wil seichméthdds dedBhabith ' ke é&iﬂ?mg, etidfire\M th
al | three[Il , DH, and ER donmmins. [81 Olc%ﬁggﬂpl ﬁ%&g@f%e chain 1t;’l(Ftélversgs t he
final noduipressedanbKat vety lemcvelsing or tietoxit oshabeooizous hypi@dl | y a

t hi oesterase, fqund at the carboxyl end of nobst nodul ar PKS enzymes. Here,
the pol y@nplevefsAs pasxampledheanticanssragenteiepebilonsa by Bo G} andiD avere

pol yket i Lized., The paol yketi.de can be furt nodi f.i ed tailoring
o Toai { HEREREE b e R KR oS R R aha ROl kP gefet nyl
groups, QqTafipkes0uBgan WY iCibhfty AP heterStogolt bRphdBfbrlbt ﬂl%%%%hlﬁ%he Shd he
cluster, Science, 287: 640-642, and PCT Pub. No. 00/031247, each of which is
incorporated herein by reference). Epothilones A and B were produced at less than

about 50 to 100 pg/L and appeared to have a deleterious effect on the producer -

cells.

[13] Epothilones A and B were first identified as an antifungal activity extracted -
from the myxobacterium Sorangium cellulosum (see Gerth et al., 1996, J. Antibiotics
49: 560-563 and Germany Patent No. DE 41 38 042, each of which is incorporated
herein by reference) and later found to have activity in a tubulin polymerization
assay (see Bollag et al., 1995, Cancer Res. 55:2325-2333, incorporated herein by
reference). Epothilones A and B and certain naturally occurring and synthetic
derivatives have since been extensively studied as potential antitumor agents for
the treatment of cancer. The chemical structures of the epothilones produced by
Sorangium cellulosum strain So ce 90 were described in Hofle ef al., 1996, Epothilone
A and B - novel 16-membered macrolides with cytotoxic activity: isolation, crystal
structure, and conformation in solution, Angew. Chem. Int. Ed. Engl. 35(13/14):

1567-1569, incorporated herein by reference. Epothilones A (R = H) and B R=
6




pol yketi de core nol ecul e and/ or:substituents thereon. For2%{Qstabeel008-dEB is

“hydroxyl ated and gl ycosyl ated (gl ycosi dated), and one of the glycosyl
substituents nethylated to yield the well known antibiotic erythronycin A

‘.in the SX@M¥EYhol yspora erythraea cells in which it is RET@ISAI/I3793
produced. [91 Wile the above description applies generally to nodul ar PKS
enzynes and specifically to DEBS, there are a nunber of variations that
exist in nature. For exanple, many PKS enzymes conpri se | oadi ng nodul es
that, unl Kids)thaze thasirmgute siio@othsbew a20BhowObIABSA6XACACIIROLALAROS
nodul e of EEBS, conﬂris an, ;i active" KS domain that functions as a

decar boxy PHERYORgicsl!s RRA I0fs Astiyily ppdselesiviy egginshbreast madcealar e t he
'superscriB%nbﬁcgyﬁnggngle-letter abbreviation for the amno acid -
(glutam ne) that I's present instead of the active site cysteine required
for ketosynthase activity-The epothilone PKS |oading nodul e contains a KSY
‘domain in which tyrosine is present instead of the active site cysteine.
Moreover, the synthesis of other polyketRdes begins with starter units
that are unlike those bound by the DEBSOa§ epothilone |oading nodul es. The

enzynmes that bind such star units ca for exanple, an AWP
| i gase such as that enploydy ijf theg biogynthesisjof EK520, FK506, and
rapamnmycin, a non-ribosonal ' 8y ase ( s as that enpl oyed

in the biosynthesis of |einanycin, orla soluklesCoA |igase. [10] O her
important variations in PKS enzymes r@la pes of building blocks
i ncor porated as extender units. As for ,. some PKS enzynes
incorporate amno acid |ike acylthioest@r bgpjdipg bl ocks using one or nore
NRPS nodul es as extender nodul es. The epothil one PKS, for exanple,
contains an NRPS nodul e. Another such variation is found in the FK506,

FK520, an apanycjn PKS enzynes, which contain an NRPS that incorporates
a pi pecol r e8¢ glesoshepuntsrparseef eppthi oneseA maiddh slsykuownias apothiiendKs.

R Ty R R e
met hyl t r apgd-hPRCrifd) pRRATRE i APeAtRERTRY 31 0stn:. Epothilones C and D

are Jess cytotoxic than epothilones A and B; their structures are shown below.

O OH O

[15]  Other naturally occurring epothilones have been described. These include
- epothilones E and F, in which the methyl side chain of the thiazole moiety of

epothilones A and B has been hydroxylated to yield epothilones E and F,

respectively, as well as many other epothilone compounds (see PCT Pub. No. .

99/65913, incorporated herein by reference).

[16] Because of the potential for use of the epothilones as anticancer agents, and

because of the low levels of epothilone produced by the native So ce 90 Strain, a
7



met hyl group into the pol yketide. [i1l] Reconbi nant nethod?8 PetobersddOpul ating -
nodul ar and iterative PKS genes are described in. U S Patent Nos. M
5,962,290, 5,672,491; 5,712,146; 5,830,750; and 5, 843,718; and in PCT.

pat ent pibPOYEISHN Nos. 98/49315 and 97/ 02358, each of  wWRCIHIS04/13793

I ncorporated herein by reference. These and other patents describe

reconbi nant expression vectors for the heterol ogous production of

pol yketides as well as reconbi nant PKS genes assenbl ed by conbining parts
of two omumabes ofdedchectetiank@nderiesk the effom to kysthesizetthaeppthilimes. Asvel

pol yketi des. To date, ch 5 28 Cctober 2004 WO 01/83800 PCTl USOL/ 13793
met hods W@&Yﬁrﬂ%’é&%ﬁ ) yesewinldeen Balog b 6141896 Tetal pynidegisofsns
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o ol AR o cesgh R s Sy i e Mol ,

pol yketi de pr ndent on t et er ol ogous

phosphopantldhsightyitsé sensiee-astivity whlatibnships\Giths epbhildals, Jongu) Thefy. t he -
PKS (see PCT publication No. 97/13845, incorporated herein by reference).

[12] Wi Dl Edchnghedd(8H 54789 Mlenget al. V997 hTotall gynidesed of epmithdomespdlayidet i des
I l's in, t oXi , the |
et er of oBoliChaLBEs Moo Entn snd Briog et 25308 A Tl sl eomdseatigant s
thil , . ' by het | ogo
oxor oss ity Ppetty AR el Silfies BRRIARR A BRI SRR & 0 P00
d het \ t tdwv : CH , 287
510- 642, B B B b her ef n
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100 g/L and_appeared to _have a del eterious effect on the producer cells.
[ 13] Epofhnihsssof thegpothilames iy tedigus, Sepe-rensutming, and srpensingdindged; vi t-y -

b e A e S sl R e ST b 2l

of  Whi ch pingrmACQIRAL a&géiopmént of any epothilone as an anticancer agent.

[17] A number of epothilone derivatives, as well as epothilones A - D, have been
studied in vitro and in vivo (see Su et al., 1997, Structure-activity relationships of the
epothilones and the first in vivo comparison with paclitaxel, Angew. Chem. Int. Ed.
Engl. 36(19): 2093-2096; and Chou et al., Aug. 1998, Desoxyepothilone B: an
efficacious microtubule-targeted antitumor agent with a promising in vive profile
relative to epothilone B, Proc. Natl. Acad. Sci. USA 95: 9642-9647, each of which is
incorporated herein by reference). Additional epothilone derivatives and methods
for synthesizing epothilones and epothilone derivatives are described in PCT Pub.
Nos. 00/23452, 00/00485, 99/67253, 99/ 67252, 99/65913, 99/54330, 99/54319,

99/ 54318, 99 /43653, 99/ 43320, 99/42602, 99/40047, 99/27890, 99/07692, 99/02514,
99/01124,98/25929, 98/22461, 98 /08849, and 97/19086; U.S. Patent No. 5,969,145;
and Germany patent publication No. DE 41 38 042, each of which is incorporated

herein by reference.

f18] There remains a need for economical means to produce not only the

naturally occurring epothilones but also the derivatives or precursors thereof, as
o .



herein by reference) and later found to have activity in 28 Ocfobér 2904

pol yneri zation assay (see Bollag et al., 1995, Cancer Res. 55:2325-2333,

i ncorporated herein by reference). Epothilones A and B and certain

nat ur al | . | ng and synthetic derivatives have since sively
studi ed g‘é&gg#%mial antitunor agents for the treatnent 6’&?&3%&.@%% '
chem cal structures of the epothilones produced by Sorangi um cell ul osunai
-strain So ce 90 were described in Hofle et al., 1996, Epothilone A and B -
novel 16wahhehes j n@@éﬁwﬁ%sw&tﬁtiﬁiﬁr@va&tpr%ﬁéﬁﬁes! ?Ré@trb&&mcfiyﬁ al
structure, and conformation in solution, "Angew. em Int. Ed. Engl. _
35( 13/ 14yeed 664 ho56@]! that producsegpotisiaias dnepothdornderiviipodstheoies A (R
H and B (R = 6 28 Cctober 2004 WO 01/ 83800 PCTI US01/ 13793 CHa) have the

" st ruct ur E28iRbihmsaipatand Fymentdhan &e priaakpradycer Sorangium sallulesukar yot i

cells and L ceable activity, and selectivitiy aga n breast and cql on
Cuior cormahaEER e Bk o8 U REL SRl R S T DR BRGSO A and
B, also ' - 1 = . = . .

chem cal ly syﬁ%ﬁggl?g%%bg?iﬁg{/%g{t&g?é?sﬁg oP' %cgleﬁs? n%%ﬂ%%&ugﬁg%ﬁ%? s in
f er nent atandnge obefal it ehe prahtfonEpaidt drdp @po&iﬁﬂf&sﬁn«:ﬁicﬁn@@@v biIdNEC
than epothilones A and B; their structures are shown below. O O [151

Q her naderantiyesndesaritiedcherpint, bk elsewthewpolydetiddescri bed. These i-ncl ude

epothilones E and F, in which the methyl side chain of the thiazole noiety
of . epothilones A and B has been hydroxylated to yield epothilonesE and F,

respectively, as well as many %}I%r 1] bei Qe conpounds (see PCT Pub. No.
99/ 65913, incorporated herei n%y—r@%-rg%hteif‘——% Al Because of the potential .
for use gi9f nanepRIAHLANGS AeERATAIGADAIRRS Focobtnaltarayeglel the Tow .

| evel s of epothil one produced by the native So ce 90 strain, a 7

of the suborder Cysfobacterineae containing recombinant expression vectors that

(@]

encode heterologous PKS genes and produce polyketides synthesized by the PKS
enzymes encoded by the genes on those vectors. In one embodiment, the host cells
may be from the genus Myxococcus or the genus Stigmatella. In especially preferred

embodiments, the host cells may be selected from the group consisting of M.

stipitatus, M. fulvus, M. xanthus, M. virescens, S. erecta, and S. aurantiaca.

[20] In another embodiment, there are provided recombinant DNA

vectors capable of chromosomal integration or extrachromosomal replication in
the host cells of the invention. The vectors of the invention may comprise at least a
portion of a PKS cocﬁng sequence and are capable of directing expression of a
functional PKS enzyme in the host cells of the invention. In a related embodiment,
there are provided vectors and host cells that comprise the genes and |

_ gene products required to produce a substrafe for polyketide biosynthesis that is -

. either not produced or is produced in low abundance in a host cell of the _'

invention. In one embodiment, the genes and gene products may catalyze the synthesis of

ethylmalonyl CoA. In another embodiment, the genes and gene products may

_catalyze the synthesis of butyryl CoA:



28 October 2004 WD 01/83800 PCTI US01/ 13793 nunber of resed¥ Ortobenifd4
undertook the effort to synthesize the epothilones. As noted above, this
ef fort ha&oﬁzﬁg?osuccessful (see Balog et al., 1996, Total synthesis of
(-)-epothilo . Angew. Clwm Int. Ed. Engl. 35(23/24): 2BOtARBO795U et
al, 1997; Total synthesis of (-)-epothilone B: an extension of the Suzuki
coupling nethod and insights into structure-activity relationships of the

thil 1 PRGOS _Eng.. )s _ 759: t al.,
1997, Tota) synt heseés;qagp%cetbg{yrﬁrfg%%sﬁggﬁé‘sp%?gdﬁ@ﬁ%gafﬁw280?3- 10002;

d Bal | al dol densat i ith
o ety Png o POl etQe IR Ahodt e o6 i Sitspn der Gpetvbariarinent, vlichhesi s of

thil : cnal. 37(19): 2675-2678, each-of which .
epot | ogelBeeinamto CoatyocEiog ity SR o RE7E, 4000, cagh of which
o o dlﬂ . thﬂ:]&bStCéH ﬁr&l&fwgm%ﬁ&ghm.t i:ogsl\{]%\‘/%g%légﬁﬁz%ar acteri Zed :

ti me-consum ng, and expensive. |ndeed, the ne :
as i npr adfteniion gndeheonditions satle thathaPiB gent cneddbyR tRPYEAL §f  any

thil i t. [171 nber . of thjl derivatives,
SOl 1 ErBSsBR AR SERSSRBIRT s rfdiedd. T e relstod, Bitiadiment e v ( e
Su et al .prodRRA mShbHS FoH RrAchiNg ﬁiéﬁcfs!t e&ﬁ&ﬁﬂﬂ&%@v{ﬁ@@ﬁ;ea&i hil ones and

the first in vivo conparison wth paclitaxe Ed. Engl. .-

36(19): R'QQﬂtﬁOﬂﬁg'Pﬁﬁﬂlc%ﬁlbf 16 eﬁde@‘ﬂ%lé#ﬁgﬁed Desoxyepot hi l one B: an

ef ficaci ous m crotubul e-target antitu gent wth a promsing in vivo
profile relative to epothilone B, Proc. Natl. Acad. Sci. USA 95:

9642- 964 ea ' | S- 1] rporated.herein b ef erence). Additional
epot.hi | o?ez]de?]lglvagﬁe\\gge}ggd;ﬁ r?g{rﬁ%gs Phef 5%(:0%192}{@5[}0?; ?éfﬁﬁe?fo’tlﬁi 1”8)ﬁ’ét$0lhmﬁy .

epot hi | opeodiee epathilees opsieestabilond@sivafyECThRuR, inventi
00/ 23452, 00/ 00485, 99/ 67253,%8/ 67252, 99/ 65913,899/%%% tSB/thA%I?LQ

99/ 54318 LIV ..99/:40047, 99/ 27890, 99/ 07692, 99/ 02514,

99/ 01124198/ 258%&13%@%%3?‘9@%8@%453?’%%&&#% §eotiylane orepgthilnpe

5, 969, 148erivative. Ger agnyfepatieambpdivhéretathe hobb celDimdy 3o8des oﬁég&} Horghi ch
or

S incorggt))rtﬁéed hereia by reference. h18] There remains a nee ‘
econoni cHOHEGRS b egudldicc er ggeatenithan 1@ mgdt.ukmiong embodinieny, dpe hirkones

but als Opxtotef‘fdéaBﬁés\f %Eflé’ fitat 1%0 cPl{c%Colflrf:so()rrnslo}ehcael)ro%l%fldneeslSét levels higher than the

levels produced in a naturally occurring organism that produces epothilones. In ',

.

another embodiment, there are provided host cells that produce mixtures of
epothilones thiat are less complex than the mixtures produced by a naturally
occurring host cell that produces epothilones. The recombinant host.cells of the
invention may also include host cells that produce only one desired epothilone or

epothilone derivative as a major product.

[23] In a related preferred embodiment, there are provided recombinant DNA
expression vectors that may encode all or a portion of the epothilone PKS. Thus, the

present invention provides recombinant DNA expression vectors that may encode

the proteins f_equ_iréd to produce epothilones A, B, C, and D in the host cells of the
invention. The present invention also provides recombinant DNA expression
vectors that may encode portions of these proteins. The present invention also provides
recombinant DNA compounds that encode a hybrid protein, which hybrid protein

may include all or a portion of a protein involved in epothilone biosynthesis and all or
10 -



8 28 QOctober 2004 WO 01/83800 PCTI US01/ 13793 wel | as new &pQethbér0e4
derivatives with inproved properties. There renmains a need for a host cel

t hat produces epothil ones or epothilone derivatives that is easier to
nanipulaéﬁ zng f&rnent than the natural producer. Sorangiumcellul osum and
that prodt@8Ye#8¥e of the desired pol yketide product. ThePHrdS8HI3Phvention
nmeets these needs by providing host cells that produce pol yketides at high
| evel s and are useful in the production of not only epothilones, including

new epothi |l one erivatives described herein, hut al so qther pol yketides.

Sormary. POy G ARRIH (IO o o R Dlo R Sis lanoRbacpdly KGR or BAnpr ovi des -

reconbi nggt ﬁ@i e suborder Cystobacterineae containing '

r econbi ngmosgg%rie55|dgﬁp\%%’gt{d§is t hat encode het erol ogous Pl GS. genes and

" produce pol yketides synthesized by the PKS enzynes encoded by the genes on
t hose vectars._ In gne enbodinment, the host cells may be fromthe genus

. M/xocoché%r Inrpmodhsy asbegt ticaresqnt inyentigapseyides popelamnsthilone enbodi ment s,

the host cells nmay be selected fromthe group consisting of M stipitatus,

. M ful vugleriviativg spmppungs inispbsfantally Burefasem gsefahin agriquiare; vekesinafp0] In -
‘anot h nbodi nent, t i ded, . i , 3 bl.e of -
“ehr onosoRias a5 medifing TheeRam GRS R R e Bt e RSbclicel 1 5
f the i ' ' ' | t
ot oo LI pleTTn ARl AR Lo AR AL oo 2

portion o I ng “sequence ecting expression -

of a fungidrogy!10RKSHENZI0NE -Bahydyo; Bexb; $HlyidioRy; 8-HesthANE! 6-8Bsmbihid:
rel ated enbodiment, there are provided vectors and host “cells tha

conpri se ande-gertkyl analpggerfepotlidores. i §hianedD) angd aovhniety af ansleps a e f or -
ol yketi de, bj thesjs that is ,eith duced J d din |

P bundancahigh dhd BiethEliRi e ity ARl RO SSRGS Trbegancs and.
gene pr odusScdWinCAlRhUZRolde BYADERbSEmCRL WL {Eg,zkng;%gshdscﬂéxt Juat e

enbodi nment’, e genes and gene products may €Ca e sy eslis o
butyryl GodAgiclles. In another embodiment, the compounds may be useful in cancer

chemotherapy as anti-cancer agents. In a preferred embodiment, the compound may be

an epothilone derivative that is at least as potent against tumor cells as epothilone
B or D. In another embodiment, the compounds may be useful as

immunosuppressants. In another embodiment, the compounds may be useful in the
manufacture of another compound. In a preferred embodiment, the compounds

may be formulated in a mixture or solution for administration to a human or animal

[25] In another aspect, the present invention provides methods for purifying an

epothilone. In a preferred embodiment, the epothilone may be purified

from fermentation broth.

"[26] Inanother embodiment, the present invention provides an epothilone
compound in a highly purified form.. In a preferred embodiment, the epothilone may be
more than 95% pure. In a more preferred embodiment, the epothilone may be more than
99% pure. In an especially preferred embodiment, the invention provides an
epothilone in crystalline form. In one especially preferred embodiment, the
invention provides crystalline epothilone D.

11



28 COct ober 2004 WD 01/83800 PCT/ USOL/ 13793 [21] In anot he?d Q&ipbet200dhe
present invention provides a nethod for producing a polyketide in a host
cell of the suborder Cystobacterineae 'which polyketide is not naturally
produced wo oggisdo host cel |, said nethod conprising culturgdjgy tﬂﬁy}ggst cel |
transfornmed with a reconbi nant DNA vector of the invention under

condi tions such that a PKS gene encoded on the vector is expressed and
sai d pol tide is,produced. In _ a related enbodiment, there are provided
met hods X%ﬁ fg’?ﬁ’éﬂ?‘ﬁﬁﬁ‘“ﬁﬂ@“ﬂ%@t%ﬂ@@ﬂ@ﬂ@eﬂmﬂ@ﬂ¢%n that may result in
t he production of polyketides in high yied. [22]-In a preferred enbodi ment,
t he recoMsiaiagicaness width methedecinprises adminbstering adhempepeichily effectffe an

epot hi l one derivative, Thys, the present invention provides reconbi narit
host cel PEqHfE© &W@@PQHH@?F@mmﬁpf theinyentpot Fi¢ compodeds wadi ve. | n

a prefer j .t he.host cell roduce one or. nore epothil ones -
at equal E?%P?ﬁg)?{gﬁgbeﬁgwhf@%@o?%% RATFASHE Of OFte are provi ded
host cel hgpbhabli : : ' |.eval s..higher than the
ovel o proBia R EREYE A e ind R B AR Byt Uiy Bapootiadl

epot hi | oasd inflammeatidrher enbodi nent, there are provided host cells that
produce m xtures of epothilones that are | ess conplex than the m xtures .

produced by a naturally occurring host cell ‘that produces epothilones. The.

recomnbin hgst-cel ls of ~the _invention may al so include host cells that
produce 8Wly gﬁgsed%%‘ii?gl?ré‘ﬂgiw ot thedgyentipn ase desaribed inanare detad] or :
product . ;. g3l al ﬁg rred enbodi,nent, ther r rovi ded .

r econbi nant N B@%?ﬂeesm n&\{i?él%(%)rcs ?(%ﬁ%ﬂ@&&@f‘mﬁl%ﬁﬁ’ portion of-the

epot hil one PKS. Thus, the present invention provides reconbi nant DNA
expression vectors that nmay encode the proteins required to produce
epothilones A, B, C, and D Buief Restwiptionef ke Biguirhe 1nvention. The present
i nventi o[b-gjll Sﬁ_ provirsgfe)s reconbi nant DNA expression vectors that nmay encode
porti onslol t fitgd&e diseouissnumber pf preawsersampoondatal-pratyl desteamine” .

" eCOMbI NAibedt G RPRANATRaE O bERGI e Frd MD eIl P PIS of thetmvaltom i -

protein :
which the NRPS-ike module one or module two KS domain has been inactivated

to produce a novel epothilone derivative. A general sjmthetic" procedure for
making such compounds is also shown.

{30] Figure 2 shows restriction site and function maps of plasmids pKOS35-82.1
and pKOS35-82.2.

[31] Figure 3 shows restriction site and function maps of plasmids pK0835-154
and pKOS90-22. '

[32] Figure 4 showsa schematic of a protocol for introducing the epothilong PKS

» . and modification enzyme genes into the chromosome of a Myxococcus xanthus host:-
- cell as described in Example 2. o

[33] Figure5 shows a map of pBeloBACII as described in Example 2.

12



may include all or a portion of a protein involved in epoidPtiehe 2004

“bi osynthesis and all or 10 . 28 Cctober 2004 WO 01/83800 PCT/ US01/ 13793 a

portion of a protein involved in the biosynthesis of another polyketide or
r.non ribodvoareses i ved peptide. [24] In another aspect, thecpnsegniios

I nvention provides novel epothilone derivative conpounds in substantially
pure formuseful in agriculture, veterinary practice, and nedicine. These
conmpounds _i ncl ude the 16-desnet hyl; 14-nethyl; 13- oxo; 13- oxo0-11, 12- dehydr o;
12- et hyl ; 34- hfigww b dwwsithedmpealine petfouxandd of Mydrmoygysl-tutlassttain K111-

T
Fopl aced” SRR ERENTIEL Y/ P mb oA il RECH: GOEBIGT mraduRugtim) "
usef ul - as anHuMINGINEESendrBEN Pk ProB IR FeE HRMbasal m@%ﬁﬂ?ﬁgﬁ%@ﬁ@%{"

in cancer chenotherapy as anti-cancer agents. In a p

t he conpoenbturegorztitionsweepas esaitedderNiatdriale ahdl dethodetin [FRaaipl@s. pot ent
agai nst tunor cells as epothilone B or D. In another enbodi nent, the
conpounds may be useful as inmmunosuppressants. |In another enbodi nent, the

or o1 or 1 e0 oo RTAHRY, HoNS Kb 5SH LAY BESLR S e R OB Bl araanse
luti el ' - : Ll [2 ln h t,
R o R e el e i A T

pr ef er r ed GrotaHi($fRiid pidiRiceDal(M) ;;ﬂaﬁle@f%tﬁ %@H{d;o%%t?&tifoh% i@/@%ﬁ%ﬂ :

broth. [26] In another enbodi nent, the present ent1-on prodvi des an
epot hi | ongesin éorfeGdS iprodudtiarhimediumi i sebatthiprocdss. a preferred embodi nent,
the epothilone may be nore than 95% pure. In a nore preferred enbodi nent,
the epothilone my be nore than 99%pure. In an especially preferred

enbodi nmen t he. | i rovihdes an. _epothilone in crystalline form In

one especlgaqll_ygf#%f\ég&'é’%etﬁﬁdﬂﬁm e,&%@ ON& OB &P B SNGRTS CEY}?&SaI line

epot hi | ongelnd: Effect of casitone concentration on growth (), production (W), and '
specific productivity (= ).

[37] Figure 9 shows the influence of trace elements and higher methyl oleate
concentrations on growth and product yield.‘ Legend: Effect of methyl oleate (o) - .

and frace elements (®) on production.

[38] Figure 10A shows the growth and production of the M. xanthus strain in the
presence of optimal concentrations of methyl oleate and trace elements in a batch
fermentation process. Exponential growth of the occurred during the first two
days after inoculation. Production of epothilone D began at the onset of the
stationary phase and ceased when cell lysis occurred with the depletion of methyl
oleate on day 5. Figure 10B shows the time courses corresponding to the
consumption of methyl oleate and generation of ammoniaduring the growth and
proudction of the M. xanthus strain in the presence of optimal concentrations of
methyl oleate and trace elements in a batch fermentation process. Legend: A.)
-Growth (») and production (M) profiles with the addition of optimal concentrations

of methyl oleate ( 7 mL/L) and trace elements (4 mL/L) to the CTS production
13



11 28 Cct ober 2004 WO 01/83800 PCT/ USO01/ 13793 [27] |In anoiheetobsbryanent ,
there is provided a nethod of treating cancer, which nethod conprises
adm nistering a therapeutically effective.. anmount of a novel epothilone
conpound ‘Hpﬁgﬁ

are also useful in the treatnment of other hyperproliferative di seases and
conditions, including, but not limted to, psoriasis and inflammation.

-[ 281 These ,and . ot her _enbodi SS of the invention_ are described in nore

detai | . MPAYRn phatdypraseste &) Tine saurses sosesponding torthe coasumpsisn 6for t h
bel ow. Br] crhl pLi_© f the Fiqures [29 Lgure 1 shows a nunber - of

pr ecur.sorﬁlgglﬁgg)z%%P'bgna-tﬁsﬁga&?g\%%:ﬂh%& F+ﬁl oester derivatives that
can be supplied to an epothilone PKS of the invention in .- which the
NRPS- 1 i ke nodul e one or nodul e two KS donmai n-has been inactivated to

produce {38pvdFiganolin khows dke inflidrice of Mnteemenant BB wg odds@eRdHEe for
maki ng such conpounds is also shown. [301 Figure 2 sho restriction site

and f unctgrewthapd produictioniof she k0336483 straimanbegrtdB3Gr6”%h (Al Fi gure 3

shows restriction site and function maps of plasm ds pKOS35-154 and
pKOS90- 2 Efoﬁﬁﬂoﬁiﬂtp@ﬂe%mv@eanmmﬁ feddyateh progess i shakieflasks, rBuuci ng

[}

-

B%nvention. The conpounds and conpositi onPEHUSHEIvention -

|1 yxocodeiltoge i et ARLo BB b ReteR b bR A ARG ArBLaE 48T, Fi gure 5

shows a rRgp@fiveBel BBAR 189 sHSRS Hh &%lst%lr&lﬁﬁ% Hles204 VO
01 bas00 DB uehr! MEA 1A5 NG guré(; o t@‘g’é’égﬂé\%‘”ﬁ‘gﬁ%@ﬁ% A3

My x ococ c usdkgericbatdors bf amimdilia Hurirgshke dotrse §fﬂ‘lé|f@nﬁéﬁ€ﬁtfdﬂ.-%qﬁiﬂ- U%?me-
consisting only of-5 g/L casitone (a pancreatic casein digest) and 2 g/L

magnesi urfCsigtGsaoTespending tocheetal additmroofimetiyr olegte to the cultures (), the

total consumption of methyl oleate (M), and the generation of ammonia (=)

[40] TFigure 12 shows the production profile for the intermittent fed-batch
process in a 5-L bioreactor. The casitone and methy! oleate feed rates were 2

g/L/day and 3 mL./L/day, respectively.

[41]  Figure 13A shows the impact of continous feeds on growth and production.
Legend: Growth (s} and production (W) profiles for the continuous fed-batch
process in a 5-L bioreactor. The casitone and methyl oleate feed rates were 2
g/L/day and 3 mL/L/day, respectively. Figure 13B shows the time course of
methyl oleate addition and consumption as well as the generation of ammonia
during the continuous fed-batch process. Legend: Time courses corresponding to
the total addition of methyl oleate to the cultures (»), the total consumption of
methyl oleate (M), and the generation of ammonia ( « ); culture conditions were as

described in Materials and Methods

Detailed Description of the Invention

[42] Statements regarding the scope of the present invention and definitions of -
terms used herein are listed below. The definitions apply to the terms as they are

14



‘and ammoni a generation (,,,) profiles for the basal CTS negidtoben2@4bat ch
‘process; culture conditions were as described in Materials and Methods in
Exanple 3. [35] Figure 7 shows the effect of XAD-16 resin on the

* ferment ati' "Hk?“%r mance of Myxococcus xanthus strain K11PCEQABoi/B7€TS
production medium Legend: Gowth () and production (U) profiles with the
I ncorporation of 20 g/L XAD-16 resin to the CTS production nediumin a
bat ch process. [36] Figure 8 shows the influence of casitone on growth and
product yiused ﬂqu_ufé@ﬂd %ﬁEﬁP@@ﬁcaﬁom amilessmheovise hirmised drsperifif mstancey,,
production,. ,_and ecific productivity (- ). [37] Figure 9 shows the

i nfl uence%"é‘&}%ﬁ@%@&é}ﬁ@%&ﬁ? 8FL FEUB/l ol eate concentrations on
growt h and product yield. Legend: Effect of nmethyl oleate () and trace

el ements (0) on production. [381 Figure 10A shows the growth and production
of the M.[agint IBsteléciidnks dfftRe hwe@mcc%n?r&o@mg AR inCRCBNAAT R%c8he
net hyl ol eate and trace elenents in a batc ernmentation process.

Exponent i aif tie bwentioh, adypueoaumpehdias well e eniitiins thekeof dMdivaider
I nocul ation. Productjon of epothilone D began at the onset of the
st at i onar FUBREMeEHh diastereomerprageomnstric isprerspand combinationstarel oiptuees on of

t hyl l£at 5. Fi B sh .the ti _ di t
The  consUTEDLRAL =D By Sne RicGoR B ASH. OTANRIRDTE, G 0 e~

owt h ' f R f timal
Concent r at Poruef Sl i EBaliodk R oA Rolyindui B R rmet at 1 on

process. lndeded ifthe plesent iventian dTPaQduHH, 96me\df tRe @Bﬂm\&ﬁ%& tﬁfré% o

addition of optinmal concentrations of methyl oleate (7
el enent s galvistgsiyithovatae (ieTdypirethsy of comirPerganiotslveRBD4AnVEnEH A0S

PCT/ US01/ 137 medi umin bat ch process..  B.) Tinme courses corresponding to '
t he consufibt f%gﬂ €gFompas Wﬁ:ﬁ% S(C)'-’Pﬁﬁ’zﬂ?lﬁénmfht i on of - ammoni a -(0). -

[39] Figure 11A shows the influence of intermttent fed-batch process on
the growth and production of the M xanthus strain. Legend: Gowh () and

[44] Protected forms of the inventive compounds are included within the scope
of the present invention. A variety of protecting groups are disclosed, for exarnple,

- inT. H. Greene and P.G. M. Wauts, Protective Groups in Organic Synthesis, Third
Edition, John Wiley & Sons, New York (1999), which is incorporated herein by -
reference in its entirety. For example, a hydroxy protected form of the inventive
compounds are those where at least one of the hydroxyl groups is protected by a
hydroxy protecting group. Ilustrative hydroxyl protecting groups include butnot .
limited to tetrahydropyranyl; benzyl; methylthiomethyl; ethylthiomethyl; pivaloyl;
phenylsulfonyl; triphenylmethyl; trisubstituted silyl such as trimethyl silyl, -

 triethylsilyl, tributylsilyl, tri-isopropylsilyl, t-butyldimethylsilyl, tri-t-butylsily],
methyldiphenylsilyl, ethyldiphenylsilyl, t-butyldiphenylsilyl and the like; acyl and
aroyl such as acetyl, pivaloylbenzoyl, 4-methoxybenzoyl, 4-nitrobenzoy! and =
aliphatic acylaryl and the like. Keto groups in the inventive compounds may
similarly be protected.

[45] The present invention includes within its scope prodrugs of the compounds
-of this invention. In general, such prodrugs are functional derivatives of the
compounds that are readily convertible irz vivo into the required compound. Thus,

15
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production (U) profiles for the intermttent fed-batch pr2geswmben2004

shake-fl asks. The casitone and nethyl oleate feed rates were 2 g/L/day and-
3 L/ L/ da% reﬂﬁgectively. Figure 11B shows the constant rates of

consunpt i Re thyl oleate and generation of amoni a dRGCHYSHIFE879S0ur se
of the fernentation.- Legend: Tine courses corresponding to the total

addi tion of rret hyI oleate to the cultures (), the total consunption of

met hyl ol_e and the generation of anmonia [40] Figure 12 shovvs the
product i dﬁtfw B1q e@@fﬁeﬁ@w@ﬁhem@&mtmmmmhe tﬁruc’é@@mms

bi oreacto The ca5|t ol eate fee es /L/ day and 3'-
nL/ L/ day,? %ﬁggﬁeﬁﬂ"%mra EF?SEE %ééﬁgﬁl nous feeds

on grow h gfér_%@ d]hg u aon profil es
for the cont| nuo CP%E?C gt gg‘%ﬁ%?&%%&’%%@%ﬁ% Othg) casitone and =
met hyl olspatificARpdischised, Wef which @irvedatoand s?eé’ihéél/ fob URkY -

Figure 13B shows the tine course of nethyl o

as wel | aslopimistyptivgy ot a subjedt iammditheredxﬁ,r Conpvehtonalpiotadiitesifed that ch

process. Lfe%end F me courses corresponding to the total addition of nethyl
ol eate t FtREORGD LRréEa{ahon@ %PTQCEF\WVW%‘WE@@SWECBI eate (), and -

the gener condi t described in
Mat eri al $ adnlgi‘ﬁ@{l allélf éiﬁl‘ﬁ‘églcﬁh% a%gﬁﬁﬁ e‘P%ﬁ [42] Statenments
regardi ng the scope of the pr esent |nvent|on and definitions of terns used
herein are |isted below. The definitions apply to the terns as they are 14

28 Cct 0hd46]20 s W85 Ehe REH USIGhhART F3fe18e6 shirat@hawd uhbdfirated
specification, unless otherwise limted in specific instances, either

i ndi vi d u&tq&yglﬁrchaglqsbbrmed dhaiy ey clie,cumpolyaydic yidrosabons |tham'm1ay bef the
pur o comPBRRBH S Re ied A pie Bf sicreheriians ﬁﬁaﬁmé’%& oRR oA
are a1 Gronpe ERRIFURYE IR ey RO SEPRIT RN el it tBic”
moieties. The term "alkyl" refers to straight or branched chain saturated - -
-hydrocarbon substituent. "Alkenyl" refers to a straight or branched chain =
hydrocarbon substituent with at least one carbon-carbon double bond. "Alkynyl"
refers to a straight or branched chain hydrocarbon substituent with at least one - -

carbon-carbon triple bound.

[47] The term "aryl" refers to monocyclic or polycyclic groups having at least one
aromatic ring structure that optionally include one ore more heteroatoms and
preferably include three to fourteen carbon atoms. Aryl substituents may
optionally be substituted at one or more positions. Illustrative examples of aryl
groups include but are not limited to: furanyl, imidazolyl, indanyl, indeny],
indolyl, isooxazolyl, isoquinolinyl, naphthyl, oxazolyl, oxadiazolyl, phenyl,
pyrazinyl, pyridyl, pyrimidinyl, pyrrolyl, pyrazolyl, quinolyl, quinoxalyl,
tetrahydronaphththyl, tetrazoyl, thiazoyl, thienyl, thiophenyl, and the like.

[48] The aliphatic (i.e., alkyl, alkenyl, etc.) and aryl moieties may be optionally
substituted with one or more substituents, preferably from one to five substituents,

more preferably from one to three substituents, and most preferably from one to
16
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crystalline forms for the conpounds may exist as pol ynor pb&QOattlec®0duch are -
included in the present |nvent|on In addition, sone of the conpounds may
form (solvates with water (i.e., hydrates) or commobn organi c sol vents, and
* such sol vYQUUSE 51 so enconpassed within the scope of thPETURRIEATI30N.

[44] Protected forns of the inventive conpounds are included within the
scope of the present invention. A variety of protecting groups are

& oups” | o ShESSBILS Th Berinipibh oF a8 MibffleR G vhyinbls & agiprdcligw vor k
(1999), WcaHoh$n hh6leRAleds ﬁ@dégﬁnﬂggt Bﬁlts deﬁﬁ{tﬁ{r@bﬁs@evmefetlﬁ Hpglee[cﬁlc?s For

exanpl e, a hydroxy protected f e inventiv conpounds

‘where at Hdashderstood thatsubydrenyd and ewpsititon paeeheon e om! F}}éﬂfﬁé}bf
protecting group. Illustrative hydroxyl prot ectl ng groups include but-not.

limted t: vmqap;beme}ectecbbﬁmeofmmwkﬂhmmlmmmmm onet hyl ;
P:’Eﬁ'let?lﬁlél %[?l P‘X ﬁilfon%ﬁl hen%l?lgeepaytgﬂtrl éﬂ?q?t t ut e:tl ISlulﬁyl ;tjch as
teE h;It )qu plheny S yl[ﬂ1 EWTE)ﬁ{ﬂ} dﬁl{lé‘yny 51 yPS%W%% %Q%é’}ﬁ"ig%/malﬁfmﬁ?lﬁ@?f such

as acetyl smmbl@ls@wt&aaﬁ@mhezuﬁermﬁ@émsnﬁﬁwdto4 \)ﬂr U%@' I phatic
e CO

acylaryl and the like. Keto groups in the inventi

si mi | ar | yhile; mifnaonethy]; 45flustemettesgphy drognalloxy; aalodr xyylthln its
scope-proﬂrugs I the co ounds of thls I nvention. I'n general, such

pr odr ugs hEXo; \@(?@famwm%ﬁp@ﬂiﬁem@toas’éaqyééﬁh ly

convertib ViqVQ i the re ed. co 'und Thu 15,28 Cct ober 2004 WO

01/ 83800 %@*‘:”@s ‘%"X %@w Feeikstamine: ‘present -

i nvention, ag tent _of the
ey A6y RIMnoE @EePéc%ﬁf Bo; dﬁ;ﬂ%ﬁu& BEATRASS il Whid AR R o, |

vari ous d| sor det's descri bed”w corrpoun Speci

with a comhmmemhaﬁélseieqtedﬁo:hﬁllgﬂp@@ﬂhﬁ@bﬂéﬁﬁh]ﬁﬁﬁ@ﬁﬁﬂun@%oﬁ%hﬁ% A

converts to_the speC|f|ed conpound in vivo after adm nistrati
subj ect | #rafkaneyiaming;sub mmylmmembmt@anyﬂmmaﬁbabﬁutﬁtechnd

Preparat! ooy, Tl W tnidS dtpiiio, Mg ihio; cyeloalcy leios |
‘ heterocyclothio; alkylthiono; arylthiono; aralkylthiono; alkylsulfonyl; arylsulfonyl;

aralkylsulfonyl; sulfonamido (e.g., SO2NHy); substituted sulfonamido; nitro; cyano; |
carboxy; carbamyl (e.g., CONHy); substituted carbamyl (e.g., -C(=O)NRR' where R
and R' are each independently hydrogen, alkyl, aryl, aralkyl and the like);

~alkoxycarbonyl, aryl, substituted aryl, guanidino, and heterocyclo such as indoyl,
imidazolyl, furyl, thienyl, thiazolyl, pyrrolidyl, pyridyl, pyrimidyl and the like. -
Where applicable, the substituent may be further substituted such as with, alkyl,
alkoxy, aryl, aralkyl, halogen, hydroxy and the like.

[49] The terms "alkylaryl" or "arylalkyl" refer to an aryl group with an aliphatic
substituent that is bonded to the compound through the aliphatic group. An
illustrative example of an alkylaryl or arylalkyl group is benzyl, a phenyl with a
methyl group that is bonded to the compound through the methyl group (—
CHzPh where Ph is phenyl).
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exanple, in "Design of Prodrugs", H Bundgaard ed., El se\3&0¢toh@H04[ 46] As -

used herein, the term"aliphatic" refers to saturated and unsat ur at ed

st rai ght chalned branched chain, cyclic, or polycyclic hydrocarbons that
may be opVOMERE) substituted at one or nore positions. | HCTAS0ALETE
exanpl es of aliphatic groups include alkyl, aIkenyI aIkynyI, cycl oal kyl,
cycl oal kenyl, and cycl oal kynyl noieties. The term’ aI kyl " refers to

strai ght or branched chai n’ sat ur at ed hydr ocar bon substituent. "Al kenyl"
refers t¢5@ silwighm Gcybimfabed FO)RwhaeR Hom aifisitid goup,wi th at

| east one c bon rbon doubl e bond. " plkynyl" refers to a straight or
branched B ?rbbf b’%%ﬁ’%ubstrtuent with at |east one.- carbon-carbon
triple bound. [47] The term"aryl" refers to nonocyclic or polycyclic

-

groups havi ng at least one aromatic ring structure that optionally include

tom, AT s T A et ] Ca Mr el e B FEa IR Sl AL "

posi ti on%:rohpl ustrative exanples of aryl groups include but are not | | mted

to: furanyl, imdazolyl, indanyl, indenyl, indolyl, isooxazolyl,
isoqurnolrnyl naphthyl oxazonI oxadrazolyl phenyl pyrazrnyl,

pyri dyl . pyrrolyl, yrazol gui qui noxal ylI ,

t et rahydr[g% éﬁ@bf retersitg, 21 @T@ 15t dw@%moéﬁw t he

l'i ke. [48] The al i phatr c (i.e., alkyl, al kenyl etc. ) and aryl noieties my

-be optionally substituted vvith one or nore substituents preferably from

one to fify3y suletielms "‘hﬂogeﬁm "Rald" &JrohaRiy Eéf%w%%%%%wéﬁhﬁé‘em S,

and nost preferably fromone to 16 28 Cct ober

PCTI USOlahddedirieno substituents. The definition of any substituent. or
variable at a particular location in a rml ecul e is independent of its
definitions el sewhere in that m)l ecul e. i s understood that substituents

ol oot oo 841 orlBe PRy FRIE R qrs?m‘)lkbgd qret%fs%'réaﬁ i Rih aRdenat

are Chemoﬁ%'drhéf&%l%g@ﬁbq that can be readily synthesi zed by
[55] The term “hydroxyalkyl” refers to —ROH where R is an aliphatic moiety.
[56] The term "oxo" refers to a carbonyl oxygeh =0).

[57] Inaddition to the explicit substitutions at the above-described groups, the -
inventive compounds may include other substitutions where applicable. For
example, the lactone or lactam backbone or backbone substituents may be
additionally substituted (e.g., by replacing one of the hydrogens or by derivatizing
a nor-hydrogen group) with one or more substituents such as C;-Cs aliphatic, Cs- - -
"Cs alkoxy, aryl, or a functional group. Hlustrative examples of suitable functional
groups include but are not limited to: acetal, alcohol, aldehyde, amide, antine;
‘boronate, carbamate, carboalkoxy, carbonate, carbodiimide, carboxylic acid,
cyanohydrin, disulfide, enamine, ester, ether, halogen, hydrazide, hydrazone,
imide, imido, imine, isocyanate, ketal, ketone, nitro, oxime, phosphine,
phosphonate, phosphonic acid, quaternary ammonium, sulfenyl, sulfide, sulfone,
sulfonic acid, thiol, and the like.
18



t echni ques known in the art as well as those nethods set 1®20Ottobbel0ddn.
“"Exanpl es of suitable substituents include but are not limted to: alkyl,

al kenyl, aikynyl, aryl, halo; trifluoromethyl; trifluoronmethoxy; hydroxy;

- al koxy; cywebonBisoxy; heterocyclooxy; oxo; al kanoyl (-C(=Opctalseyzredich is
also referred to as "acyl")); aryloxy; al kanoyl oxy; am no; al kyl am no;

aryl am no; aral kyl am no; cycl oal kyl am no; heterocycl oam no; di substituted
am nes in which the two am no. substituents are selected fromal kyl, aryl,
or aral kyl; al kanoyl am no; aroy_| am no; aral kanoyl ai ni no; substituted

al kanoyl ari'% 0; .substitut ?d ryl am no; substituted aral kanoyl axni no; thiol;

al kyl t hi o; éjr y |35 tErma A5 wﬁt ﬁﬁé!;sea%sr%ﬁwﬂﬂeﬁit@?mﬁm%m? thetpresent

al kyl t hi ong; ' ; ls t hiono: al kyl sul fonyl: aryl sul fgnyl ;

ar ol kyl surfrsiiof eiRB e PbE L Rl o] e M s o BN o

nitro; ¢ ; f . By : Hg.g\}fl ; . e.g.,

- C(=0 NRéwavﬁggﬁ R antlzlﬁ%IS ar el:celggﬁﬂlnﬁ epén%ﬁ%%ﬁ%ﬁ%%ﬁwyg%l , °

aral kyl  aiiig crigsinali desjivonraéhipuy batth dinydthepords, sLdtthpbuih @ habivally gﬁ-@éﬂt(ﬂhm,
zo

and heter-ocydo such as | ndoy_l ,_ inudazolyl, furyl, thienyl, thi lyl,
pyrrol i dy® ivipgosganismis net tipplateds” bhbthe same cothpound sppandéd fron Hee

bsti t uent be further substituted. s with, alkyl, alkoxy, aryl,
ararkyl ROPHOERE HYRRE AR At Prate s s torey Be sarm 38 erplagiop Aézaim. -
"aryl al kyk s ' ] |4 t. bstit .that i
pondeq 15 TCeRnbRER, Btolsd bl StopBind dROTsh S Bt e
exanpl e obubgtaftikNy &célof @bnevinatiky! ordiiRired rhaREMls, Wiﬁhﬁﬁ%%ct%t h. a

met hyl group that 1s bonded to the conpound through the mne group (---
CH2Ph whecemplourslsfhend i nahire2@nltantiadly 260 46f R DB BBOFIRGIMUSOMAE3793. «
[50] The term"acyl" refers to -C(=O)R where Ris an aliphatic group,

pr ef er abl FORPEUNEPTRATRPYSitipn 13 aspreiated i itaprlsrpl'stat ers to - OR wherein O
is oxygen and Ris an aliphatic group. [52] The term "am noal kyl" refers
to --RNH2 where R is an aliphatic noiety. '

[59]1 The term "purified" as it refers to a compound means that the compound is
in a preparation in which the compound forms a major component of the
preparation, such as constituting about 50%, about 60%, about 70%, about 80%,

about 90%, about 95% or more by weight of the components in the preparation. -

[60] The term “subject” as used herein, refers to an animal, preferablya -
mammal, who has been the object of &eatment, observation or experiment and
most preferably a human who has been the object of treatment and/ or

observation.

[61] The term “therapeutically effective amount” as used herein, means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human that is being sought by a
researcher, veterinarian, medical doctor or other clinician, which includes

alleviation of the symptoms of the disease or disorder being treated.

[62] The term “composition” is intended to encompass a product comprising the
specified ingredients in the specified amounts, as well as any product that results,
| 19



[ 531 The terns "hal ogen,” "halo", or "halide"" refer to f2&i0ciobe;20dl ori ne,
bromine and iodine. [541 The term "hal oal kyl" refers to --RX where Ris an =
aliphatic noiety and X is one or nore hal ogens. 155] The term :
"hydr oxya‘WQﬁ”‘””%@f ers to ROH where R is an aliphatic noi etBCT/pSB]13be
term "oxo" refers to a carbonyl oxygen (=0). [57] In addition to the
explicit substitutions at the above-described groups, the inventive
conpounds,.may. i ncl ude ot her substjtutions where applicable. For exanple,
the | act SHESHY ¢ Cgacﬁﬁlah@ra H@&@@ﬁ&zéh%amqﬂmrﬁmmdlmub&e

addi tion . ' ed (e.g., by replacing one of the hydrogens or by
derivati%#%éﬁ&ggﬁgéﬁﬁ§ﬁrogen group) with one or nore substituents such as
Cl-C5 aliphatic, G Cs al koxy, aryl, or a functional group. Illustrative
exanpl es of suitable functional groups include but are not limted to:
acet al , iﬁ&bhdrheﬁﬂxﬁﬂph&nnauﬁﬂi&ﬂhﬁﬂk@phﬁﬂe@Q&bmaﬁgﬂt@gﬁﬁggphﬁneoffhe

car boal koxy, carbonate, carbodiim de, carboxylic acid, cyanohydrin,

di sul fi déNVeNAYS eRpeynds. Suitilele plrategenticallylaceptible bylts eftbee, i ni-de,

imdo, imne, isocyapaie, .ketal, ketone, nitro, oxinme, phosphene,

phosphoné:f’glp‘ﬂmfgsp%‘&ﬁ?ci?éa‘e Gggéﬂﬁ?éﬁlﬁ%wylcih%ﬂvtﬁﬁe@mﬁw forsadtbyle, -

sul f one, ' ' ' -he like, 18 28, Oct ober. 2004 WO

01/ 83800“5%%%@?’1@%&%&%’%% B i85 01 or ot & BrabucRiicaliR o refer 1o

a conpoundcitablecid 86ERhs h'yay&mﬂéﬁ@aciaggmuﬁk h@f&@%ﬁﬁc%@%ﬁ@{%&@”t hon
| u u

fromits natural state. For” exanple, t he conpd occurs in n e, it
has been stheingratid aceticmeit) beneoic dcid; dtricgicdd) taeravicetiRAthordé aldtdy 1 n
ot her words, conmpound naturally present in a living. organismis not

"i sol at edOSBOPTIE REL eympeien Whese theeampprads of ghe inventishicagynat er i al:s
of its n . te i.s./is0lated”.. t he rmi | oyed herein: The
term"i s%@#‘&%%ngg%@em%g n%CCFRgbI? §aft§1§¥;?~'ﬁ? gy dnslude alenli i s
subst ant i f LA ' L1 | 4 Wth respect to
corrpoundgﬁ#ﬂgﬁ%%ﬁf@' '%lstctﬁﬁe, S staér}tgllxgﬁl%?}d%ﬁé%ﬁg %§@§¢P%§‘w t hpwhi ch

t hat calcium or magnesium salts); and salts formed with suitable organic ligands (e.g., -

ammonium, quaternary ammonium and amine cations formed using
counteranions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, -
alkyl sulfonate and aryl sulfonate). Mustrative examples of pharmaceutically
acceptable salts include but are not limited to: acetate, adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate,
‘bromide, butyrate, calcium edetate, camphorate, camphorsulfonate, camsylate,
carbonate, chloride, citrate, clavitlanate, cyclopentanepropionate, digluconate; t
dihydrochloride, dodecylsulfate, edetate, edisylate, estolate, esylate,
ethanesulfonate, formate, fumarate, gluceptate, glucoheptonate, gluconate,
glutamate, glycerophosphate, glycolylarsanilate, hemisulfate, heptanoate,
hexanoate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroiodide, 2-hydroxy~ethanesu]fonate, hydroxynaphthoate, iodide, isothionate,
lactate, lactobionate, laurate, lauryl sulfate, malate, maleate, malonate, mandelate,
mesylate, methanesulfonate, methylsulfate, mucate, 2-naphthalenesulfonate,
napsylate, nicotinate, nitrate, N-methylglhicamine ammonium salt, oleate, oxalate,
pamoate (embonate), palmitate, pantothenate, pectinate, persulfate, 3-
phenylpropionate, phosphate/diphosphate, picrate, pivalate, polygalacturonate,
20 '



conmpound or conposition is associated in its natural stat28 OpfBdrXidd term
"purified" as it refers to a conpound neans that the conpound is in a
preparation in which the conpound fornms a najor conponent of the
".prepar at i JHOOYEBA0 as constituting about 50% about 60% ab®ar/wELa379d0UL
80% about 90% about 95% or nore by weight of the conponents in the
preparation. [60] The term "subject"” as used herein, refers to an ani mal,
preferably a manmal, who has been the object of treatnent, observation or
exper i mentprapibnabs salicydéater stobrate, sulfaty) subacdtale, beeiindthctadbigs tardfaté r eat ment
and/ or aqbservatiop. 161] .The term "therapeutically effective anmount" as
used her eitfocigigatpsy tmeéﬁ%‘éﬁefBﬂd&%ﬁﬂ%ﬁ;ﬂ:é@@@tﬁadﬂdﬁhpﬁ&enaceutical agent
that elicits the biological or nedicinal response in a tissue system
animal or human that is being sought by a researcher, veterinarian,

medi cal d or elhghgﬂ'a' 't?c%]] | L1C - bati.on of t

'synpt ons gg]t h(}q%itgtrgsz) or {Ijési%)l’ ey\gsg&r}sb%réggﬁgg. B%B‘%‘%%tﬁﬁﬁ\usea%

" conposi t ipyspaten desieddiskage f@mﬁ@m@@m@nﬁﬁr@@aﬁipcﬁﬁ{mm?mn{a@uﬁ ified
ingredients In the specified anounts, as well as any product that reéesults,

19 28 Cct @sesptabesamipinclagies solventd diluensy o8 otherdiquigl vehidledispasion, orf r om
combi nations of .t h%ff%peci fied.ingredients in the specified anounts. (631

The t er m SHRARFIFRRBCE I face Actiup REENES; Bafomic pgentss Hiickesting oz egrulsifyingof the

compounds rarUHE ey RVer R R IRNAEITERIRE wlg BT B ReRimEonit or moa by
mxing 2 $obihediRil ShencapadiEiich oW NEROMAEPRIRGRLIGSA! | v

acceptabl e acid such as hydrochioric acid, sulfuric*acid, funarPc atid,

mal ei ¢ aciBastons Bag 1975) andi Handbesk of Bharinadesiical Exéiplcthis, THifd BdatdghAH.
tartaric %Ld carboni ¢c_acid or phosphoric acid. Furthernore, where the
conpounds Xabbe. el (Aperi FharmasenticalAsseg) 100) heithof which aad ireorporated.

phar maceuti agceptabl e salts thereof may jnclude al kali, netal ,salts.
(g soltingy Biahd i helrtRehey Rition Waults critisrs wirkis fpunglating
pharmaceutical compositions and known techniques for the preparation thereof.

[65] The term “pharmaceutically acceptable ester” is an ester that hydrolzyes in
vivo into a compound of the present invention or a salt thereof. Hlustrative
examples of suitable ester groups include, for example, those derived from
. Pharmaceutically acceptable aliphatic carboxylic acids such as formates, acetates,

propionates, butyrates, acrylates, and ethylsuccinates,

[66] The present invention provides recombinant methods and materials for
producing polyketides in recombinant host cells; recombinant host cells that
produce polyketides; novel polyketides related in structure to the epothilones;
methods for purifying epothilones; and crystalline forms of epothilone D.

[67] In one embodiment, the present invention provides recombinant hbS‘t cells
of the suborder Cystobacterineae containing recombinant expression vectors that
encode heterologous PKS genes and produce polyketides synthesized by the PKS
enzymes encoded on those vectors. As used herein, the term recombinant refers to

a cell, compound, or composition produced by human intervention, typically by
21 -



cal cium or magnesium salts); and salts formed with suitabl®Ociogen?04 i gands |

(e.q. anmoni um quaternary ammoni um and ami ne cations formed using =
count erani gns such as hal | de, hydroxi de, carboxylate, sulfate, phosphate,
nitrate, WSO, f onate and aryl sulfonate). 111 ustrati RCTRSHMIBES of

pharmaceutically acceptable salts include but are not limted to: acetate, ~
adi pate, alginate, ascorbate, aspartate, benzenesul fbnat e, benzoate,
bitartrate, rate, brom de, rate cal ci um

bi carbonate,. bi s ate, o]
edet at e, 5@59&"?&“3 rectad aaspp W‘a‘t’é S%W%S/P‘altt@n ﬂ@é@?ﬁo ¢ subedesr i de,

o . CLPMLBATE 1 G bPREDAUSRLSPL R, 'g‘t"gﬂ&elé’ﬁﬁtdﬁéheesyl ate,

et hanesuldpRiidne HRSdRes Sﬁaﬁgﬁ[ﬂkﬁlul&wzg‘iﬂttﬁé Srd&'Mr@n sibdiepat e,

gl utamat e, gl ycerophosphat e ' ycol yl arsanil ate at e, %epaanoat e,

hexanoat eCyshémgvtbnm rmmludésthd‘lﬁaﬂut}bhfhijmmeace&wad@ﬂtéﬁhﬁgz Ciebdethhend. de,
hydroi odi_de, 2-hydr oxy-et hanesul f onate, hydroxynapht hoate, i odi de,

i sot hi onakhe falmbtt@tlécocnmaé pndudesthe gantstAngiveraens (L.eul. diseiformis)a the

| eat mal o mandel , _mesyl , et han | f onat e, et hyl sul f at e,
rrrrﬁcga e,e eﬁ'Hﬁ Wéﬂ W@&%g@ Sré]ﬁ‘zl C‘éﬁcgs (i S'?u’ﬁ‘ﬁ?%"’”fﬁ Cr 8‘?"@%/ qfélije

thyl gl yg; nft—ﬂémaﬁﬂj te
ggl myt gte pant (ﬁ%{?gﬂa e pecytn‘qmt7 e, persu ﬂ#%s ﬂé‘g%ﬁ@%@@%ﬁ%ﬁ%é

phosphat GiiscilpO0BR2ineus, IT. SliAbe C. BENAIALRL cpatow?ds,?%wgéﬂ%%zﬁﬁr%ﬁz t ober
2004 WO 01/8380 / US01/ 13793 pr opi onate, salicylate’ stearate fate,

subacet at(be., Mdmlct@tmdl\/hdmmola)aﬂterw Sttgamtélbzi(é.e Sosgttataed S.
tr|eth|od|de undec ate valerate, and the |ike. [64] The term

" phar rracétfrqféﬁqct gwmﬂwm (ties 4 g%@rahﬂspamﬂstpge&rxel@t h(p!‘tepar e a.
d d f h tical
Socept abi EIESE %%ﬁ%?t}a%% 55 it EroShiR Bl aelide B it o o Baeaber thare.
di spersi q 820 @ Eeﬂﬂré? réfefibl %’t‘é @802k &ae?at‘aﬂtfootcﬁgﬁrg&ggg ag&g“cams :

t hi ckening or e y|n age reserv I Ves
and. t he lmd;stpr%m atrequal fohau aeuttheall t60 ¢Nces, Fifteenth Edition, . E W
Martin (Mack Publishing Co., aston, Pa., 1975) and Handbook of

Phar maceuti cal Excipients, Third Edition; A FL

[68] Ina preferred embodiment, the host cells of the invention are from the
genus Myxococcus or the genus Stigmatella. In especially preferred embodiments, -
the host cells are selected from the group consisting of M. stipitatus, M. fulvus, M

- xanthus, M. virescens, S. erecta, and S, aurantiaca. Especially preferred Myxococcus
host cells of the invention are those that produce a polyketide at equal to or greater
than 10 to 20 mg/L, more preferably at equal to or greater than 100 to 200 mg/1,
and most preferably at equal to or greater than 1 o 2 g/ L. Especially preferred are
M. xanthus host cells that produce at these levels. M. xanthus host cells that can be -
employed for purposes of the invention include, but are not limited to, the DZ1
cell line (Campos et al., 1978, J. Mol. Biol. 119: 167-178, incorporated herein by
reference), the TA-producing cell line ATCC 31046, the DK1219 cell line (Hodgkin
and Kaiser, 1979, Mol. Gen. Genet. 171: 177-191, incorporated herein by reference),

“and the DK1622 cell line (Kaiser, 1979, Proc. Nutl. Acad. Sci. USA 76: 5952-5956,

incorporated herein by reference).




Ki bbe, ed. (Amer. Pharmaceutical Assoc. 2000), both of wigOciabe 2004
“i'ncorporated- herein by reference in their entireties, disclose various
carriers used in formulating pharnaceutical conpositions and known
« techni queW9O1/838he preparati on thereof. [65] The term "phaporesui/ized | y
acceptabl e ester” is an ester that hydrolzyes in vivo into a conmpound of
the present invention or a salt thereof. Illustrative exanples of suitable

accept abl 1 1 hedieRt celipS TR Pt onceeneres Feorinest DA eapassion.

t t
Pivent 1 on oriou gKLA A etkBhient e SR OHEELERh oy diS Fecebb RGRE
pol yket i dENAvectsns ahpabiaiof Bhesmesdrhal ink@aatbh %@kﬁﬁ&%ﬁorﬁ@édlﬁaﬂéﬁlcaiﬁ’&? duce

pol yketi des; novel pol yketides related in structure to the epothtlones

met hods fmﬂpiﬁEMiqﬂjlee"ﬁhe he¢tor£eeﬁﬂlanﬂvmi;mtecbmpmeehblaaistmpoﬂﬁxﬁﬁbfé% D.
[67] I n one,enbodi nent, {he prei) nt |nvent|on provi des reconbi nant host

cells of CPHRESEgHrRRS A g g R@raTShon f)é@élmfllfm;ﬁ P&d&)r essi on
P
oyt hesi tzeﬁ%%mg?ﬁ%ﬁ@&t%ﬁ% i Kﬁsﬂe S oAb B RiR e Tl P fsteve i n

the term ﬁz@@t@ﬂ?éfeﬁlb drf ﬂaelk%acﬁﬂﬁ%kén b&%@?&gngtgerd %&%ﬁ?gﬂﬁ@opr oduced

by human intervention, “typically by 21 28

PCT/ US01/ e8fi@Ssispaetidrcanhe maimtained stabiy py lh&hbiéhﬂ?fmfa @ QAR hAR
t hereof. The suborder Cystobacterineae 1s one of two (the ot her |

Sor angi ne&&t] W@ﬁlqsﬁmﬂlQé@ﬂtﬁ'é)Né’pmﬂhuelceH@rpnauy@eﬂuhnmangﬁarmm sutlsun) .
in the -order ococcal e e s rder, Cystobacterineae includes the
fanmily MR088E '\@C@g’é‘& tlﬂéﬁ?éﬁﬁg SOBSAPIEPiIRevRstor Alpe comptispsa - - -
Myxococca 51@@&, u cifo t he
genus Myx coccua!g'Ig an @é e geﬁ%raﬁm@%ﬁgmlé aﬁi'a@ EYEFSI;h‘z‘?
corral | oi fethe ceﬂﬂﬂc@le&i&la@ﬂmxs ﬁhﬁr&&ﬁ‘é&e@iﬁcﬂﬁaé’&ﬁ ﬂo@ﬂh’é% s the.

m nor

genus Cystobacter (i.e., C fuscus C. . ferrugi neu
vel atus, geRe @(Pmsmlaoe@ltegm&ct]mﬁua sﬁ‘blmtthtadg]oummso(me euch tHatlpehet us and

M Ilchzenl col a,én &: matella i,e., S. erecta and S.
aur ant i ac&jPresHaN i @g'f‘ﬁrﬁl]'; %@F%@XPF‘?S@IOHWC%@WW@;IY gD al | y
preferr Eda&(ﬁﬁfonal functional elements, such as resistance-conferring genes to act as

selectable markers and regulatory genes to enhance promoter activity.

[70]  Typically, the expression vector will comprise one or more marker genes by
which host cells containing the vector can be identified and/ or selected.
Hlustrative antibiotic resistance conferring genes for use in vectors of the invention
include the ermE (confers resistance to erythromycin and lincomycin), #sr (confers -
resistance to thiostrepton), aadA (confers resistance to spectinomycin and
streptomycin), aacC4 (confers resistance to apramycin, kanamycin, gentamicin,
geneticin (G418), and neomycin), hyg (confers resistance to hygromycin), and vph

. (confers resistance to viomycin) resistance conferring genes. Selectable markers for

. ase in Myxococcus xanthus include kanamycin, tetracycline, chloramphenicol,

zeocin, spectinomycin, and streptomycin resistance conferring genes.

[71]  The various components of an expression vector can vary widely,

depending on the intended use of the vector. In particular, the components depend
23



cells of the invention are those that produce a pol yketi d28 @ttoben2f04t o or
greater than 10 to 20 ng/L, nore preferably at equal to or greater than
100 to 200 ny/L, and- nost preferably at equal to or greater than 1 to 2
g/ L. 168]W001/83800 ef err ed enbodi nent, the host cells of thedmosenison are
fromthe genus Myxococcus or the genus Stigmatella. In especially
preferred enbodi nents, the host cells are selected fromthe group

crocta, g hos wl&%'latﬁx&gi%é;@%@ﬂbﬁ%p@eﬂég%mM e wiseh itgel | 5 of
rect
EhSn' 236%*98@63 Lif QiR TP B b iR Bty 5?83?%@&5&0@%63?26500 |

7 Vi rﬂ%pb c&ltiﬁ t
EspeC| aIIy pr ef e%rg%tggﬁfe M&tgiésnt h%% %%%t&’thﬂ S tﬁgst pr odﬁce at %AE’C
level s. NMellxGudhwerttwssiancelmrise@phagaatiachraent sijeesr DA gogeags of the.
I nvention include, but are not limted to, the DZ1 = cell " line (Canpos et
al ., 197gomplemgntargitoisegmegtsiefthedost ndbclpmmomﬂdmmtm@mmf erence),

t he TA- pr odum | | I | ne TCC 310 e DK1219, cel | ne (Hodgkijn and
Kai ser, ti&%r ‘i\% WE@@%%@W& iivﬁﬁtloﬁﬁﬁlb e

Sei | f?‘é?“?‘% 1 E’@E?“@S?gé Ened o’#‘%tor 10 R e r"geﬁﬁo‘gf)coy&@aé"'%@@? obér
2004 VD Gb1$4PRRRT VOIS PO erkBubes TINE, e cohllinis

conprise a reconbi nant DNA expressi vector, and in anot od| ment ,
t he presenpresmnmsteubmrsmfchhe tfeemierombiy tanip nﬁ\bﬁnl @pmmlfaalbks gehie or
chr onosonal tegration or ext rachronosorral | cat ion in these host
cells. T%ﬂ@é&s&r plegops vesambinatie geu%to delety, digupbfora PKS

coding s e | e of di t| n ex l.on. of a,functional PKS
enzyne | AUEHE ety eBidind SRR Crrla R RG e h AT BB iR B uc P o,
expressi gogt dgetor refers to any nucleic aci d that can be introduced into a
host cell. An expression vector can be.maintained stably or transiently in
a cell, whether as part of the chronbsomal or other DNA in the cell or in
any ceI | ul ar conmpartnent, such as a replicating vector ‘in the cyt opl asm
An” expr ed&lon Ineqrefersed gmib@dpnﬁgb ¢he present invention provides expression -

vectors and recombinant Myxococcus, preferably M. xanthus, host cells containing

those expression vectors that produce a polyketide. Presently, vectors that replicate
extrachromosomally in M. xanthus have not been published, although there is an
unpublished report of an artificial plasmid based on the Mx4 phage replicon. There
are, however, a number of phage known to integrate into M. xanthus chromosomal

" DNA, including Mx8, Mx9, Mix81, and Mx82. The integration and attachment -
functions of these phages can be placed on plasmids to create phage-based
expression vectors that integrate into the M. xanthus chromosomal DNA. Of these,
phage Mx9 and Mx8 are preferred for purposes of the present invention. Plasmid -

- pPLH343, described in Salmi et al., Feb. 1998, Genetic determinants of immunity
and integration of temperate Myxococcus xanthus phage Mx8, J. Bact. 180(3): 614-
621, is a plasmid that replicates in E. coli and comprises the phage Mx8 genes that
encode the attachment and integration functions.

[73] A wide variety of promoters are available for use in the preferred

Myxococcus expression vectors of the invention. See Example 8, below. For
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gene that serves to direct the synthesis of RNA that is t2&Ostodtezbodnto a
pol ypeptide in the cell or cell extract. Thus, the vector either includes
a pronoter to enhance gene expression or is integrated into a site in the
..chronosondV@At#8Phat gene expression is obtained. Further RETAISIRIQISESSI ON
vectors typically contain additional functional elenents, such as '
resi stance-conferring genes to act as selectable markers and regulatory
genes to enhance pronoter activity. [70] Typ| cally, the expression vector
Wil conpexamply éﬁ pr@mpéerreértkféﬁogv@gesn umﬁhmttpdtbﬂbneé’m%g@m(sea ROy t he

" aci ot ancB BN PO (28 RlomBaReL S n»d@er%fp'ge‘%%%)r %ﬁ%n?%'@f ceintinsdhastic

" 051 ot anc TS THRREEFHGIPRS %ﬁai&%‘co Rl B 0 BT b en s apeian and

st reptonymcﬁr)eep@dﬁ%e(BKS H8s 6@%@&@9%#&@%&%9%&1r SRS,

gent am ci n, eneti cin. 18), and neonyc hyg (confers resq}étan%ltla to
th

hygr onyci Anotheniprefitied pcmmrbearsfor ese &t M oentins hiostwelistpr paspedearse
conferri ngxgenes Sel ec abl e _nmar kﬁrs for use in Myxococcus xanthus i ncl ude

k?narr%/m n X PEPFRE FTECAR ’-‘éﬂtd?lgﬁﬁ ﬂ?ﬁ%ﬁﬂﬂﬂgiﬁ)ﬁ_ﬁhrprm Dfltl‘mulmgen?df f
strept onygj ce conferri j e varjous conponents of an
expr essi on &e%ﬁ@fsﬁgﬁwg I% ngg% %%ﬁ‘f %ﬁsf:‘ﬁ'é“ﬁﬁlaéﬁﬂﬂ’@sﬁbéglbf t e :
vector. | fevdd b4 r 200 1183800
P s SeaL st e emﬁltélglt% ECBGEFHI g&@@fcﬁn%ﬁ@ﬁ%y@ e PRABIHiter et SBICHRG ¢ e
manner i nstshincand 4 pilS deletiornstedinf ordf dudekibed in Wk aAYIMARLE, Detl {0 preferred

vect or s of the invention are integrating vectors: the vectors ihtegrate
into the &g Iexgmsmn@frrélem& gensein MySombcuseamting, E@ackonpri se a

Gt chr Em%mgﬂm%ﬁtegﬁ%& BF FBrsrenug %%%@%Sseiﬁ%%f%&@cﬁzf P
h PKS
' the holionar e prT e R e A e S B b b e e

conpl et e BKIBtigRREAAYHee prefEhied p Ibh%té@gqﬂelswau%eﬁéﬁaéﬁép%e{tﬁ%%%e of

the invention nmay conprise only a portion of aPKS genhe
.sdeK gene.

[74] ~ The present invention provides preferred expression vectors for use in
preparing the recombinant Myxococcus xanthus expression vectors and host cells of
the invention, These vectors, designated plasmids pKOS35-82.1 and pKOS35-82.2 -
(Figure 2), are able to replicate in E. coli host cells as well as integrate into the
chromosomal DNA of M. xanthus. The vectors comprise the Mx8 attachment and - -
integration genes as well as the pilA promoter with restriction enzyme recognition .
sites placed conveniently downstream. The two vectors differ from one another
merely in the orientation of the pilA promoter on the vector and can be readily
modified to include the epothilone PKS and modification enzyme genes of the

* invention or other PKS and modification enzyme genes. The construction of the
vectors is described in Example 1.

[75] Inanother embodiment, the present invention provides a method for
producing a polyketide in a host cell of the suborder Cystobacterineae, which

polyketide is not naturally produced in said host cell, said method comprising
95



gene cluster. Honol ogous reconbination can al so be used tZ8 Qefobtre200di srupt ,
or alter a gene, including a heterol ogous PKS gene previously introduced -~
-into the_ host cell. [721 In a preferred enbodi nent, the present invention
provi des ¥Q9#8¥8 on vectors and reconbi nant Myxococcus, RCaTESIMBTIIM
xant hus, host cells containing those expression vectors that produce a
pol yketi de. Presently, vectors that replicate extrachronmosomally in M

xant hus ' I Ee | unpubl i.shed report
of an artl |c?lgthg%?sg%%%gé%}?g%lﬁat‘&%ﬂ%%C%%Wm&%%%ﬁﬂé are,
however , iRvéntditind@ér &rf8oks ' | mg}g& hr onosonal
DNA, includi ng M8, rI\/k9, WSl%ngﬁwg@gﬁg@ﬁ%ﬁiﬁqon and attachnent

f unct i onexpfessedardphithpelybatidbds ptahredoWith sesntishba, sneat theliivggsdased
expression vectors that integrate into the M xanthus' chronosomal DNA O
t hese, mgﬁem the pokpetisles pppdnead byl niedulpuopitewdivelPKS enpymes thn be -

hEYZPH R ey Al Tl ”i%%éﬁgéygéi@’%%f' cous xanthus
go??eandgg%or}rnp?fﬁggg P%(%‘% p ﬁég‘j‘éksé’ %é%rg ? %ﬁ%ﬁgﬁgﬁ%ﬁe%é'iﬁﬁﬁﬁﬁ?& gnd

i nt egr at bﬁmddjﬂ@t,QhéPKgééneééﬁcdaeHQ{anﬁdm_ers are avail able for
use in the preferred Myxococcus expréssion vectors of the invention. See

Exanpl e 8, below. For 24 28 Cctober 2004 WO 01/83800 PCTI USOL/ 13793

exanpl e, e pronoter of the Sorangium cel | ul osum epot hil one PKS gene (see
PCT Pub.[} .ﬁegﬁsgnmeri#m@g@@agﬁmmvs@em agyddmenctions in M .
xant hus ﬂﬂi’i . . ot hi.l gpe_PKS gen r ter can be used to drive
expressi on 0 %%ie}%r’a’}_ﬁ?g&e &%ﬁﬁ%ﬁ&%ﬁ%ﬂﬁ@ﬁ@%ﬁﬁg& Bﬁgfwvepkgng @ product

i n reconpoRARkidee Pro&BédFh W}g&é,&g f Bbfhn Qr ' . xxant hus
host ceIrTPs for pu p%se's of}A expre m%ga%greco mag{m%‘igﬁ’egéﬁk%ggnt'i'on o
i s the pruodifieatiod etiypmps, labscoeledahildting @tpiies, fHat Ry BEGEIMR! epasidiRd,| as |
two M xanthus strains that express high |evels of gene produc?s from genes
cont r ol | B¢ethylateandy/ on glyessilage thepelyketide peodact of the PKS. In accordance :

with the methods of the invention, these genes can also be introduced into the host

cell to prepare a modified polyketide of interest. The following Table lists
references describing illustrative PKS genes and corresponding PKS enzymes that
can be utilized in the construction of the recombinant PKSs and the corresponding
DNA compounds that encode them of the invention. Also presented are various
references describing polyketide tailoring and modification enzymes and
corresponding genes that can be employed to make the recombinant DNA

compounds of the present invention.

_PKS and Polyketide Tailoring Enzyme Genes

Avermectin

[771 US. Pat. No. 5,252,474; US, Pat. No. 4,703,009; and EP Pub. No. 118,367 to
Merck. ' |

[78] MacNeil et al., 1993, Industrial Microorganisms: Basic and Applied
Molecular Genetics, Baltz, Hegeman, & Skatrud, eds. (ASM), pp. 245-256, A

Comparison of the Genes Encoding the Polyketide Synthases for Avermectin,
Erythromycin, and Nemadectin.
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“.invention?

~strain and a pilS deletion strain, are described in W arZf Geobar200bec.
1997, Regul ation of expression of the pitA gene in Myxococcus xant hus, J.
Bact . 17%\%4@: 7748- 7758, incorporated herein by reference. The present
868388 ovi des reconbi nant Myxococcus host cel | SPEBAISHI/EI7MY bot h
the pilA and pits deletions. Another preferred pronoter is the starvation
dependent pronoter of the sdeK gene. , [74] The present invention provides

br ef er 1 ed[Z9]r RARINE 9] D995, CRhe YRS 119105 CONPIBIOHBELRGONBERANT

Myxococcus xant hus expression vectors and host“c

These vecbbepipnjesiageatitlis geneneniodpigBabad2mkecang ailsidde Snthasd.Fi gure 2),
are abl enkio replicate in E. coli host cells as well as integrate into the .
chr omosomidl| )I\lﬁ(eéila and Qaptray 1997t héenreReso P& 9RP09 AV REmBEEn bidsyotmsit. and
integrati n | as the pitA pronoter with restriction enzyne
recogniti ?r%n%_?aﬁ%} @M@ aced conveniently downstream The two vectors

differ frfgmong@aqﬂ.ppg%,mge;w%%?lt !ﬂ@(}%?i_m'g ation of the pilA pronoter on

the vector and can be readil fie o 1 nclude the epothilone PKS and
nodi f i cat Epothdbonyere genes of the invention or other PKS and nodification
The construction of the vectors is described in Exanple 1.

enzyme geﬁie;ﬁ. \
[751 I n atftfd he PCEG8Y N0/ 66048 torewantisi nvent i on provi des a met hod - f or

produci ng po ide.i cel.l of the suborder Cystobacterineae,
whi ch pol et#’ﬁ?‘gb-ﬁ\&-’b@ﬁf@ﬁ@%@%ced in said host cell, said nethod
conpri si NBrythromychi ober 2004 WO 01/83800 PCT/US01/13793 culturing the host
cell transformed”w th a reconbi nant DNA vector of the invention under -

condi t i onf843 ucRCTRub. Nd198/4B663; ENS. R ANGN6,0DE TSGR ULS Pa8XRbES 824580 d
sai d pol yketide is produced. Wth this nethod, any of the diverse nenbers

of the pot%/ﬁbbp’des_ produced by modular or iterative PKS enzymes can-be -
econb nalie] PRECRRAEEt ablite SO JPBRAR 0 usi ng thi o method. In &
pref erredigeemoedIEDR: o1 BRGoF 1998 N8R E5ERR-8 m%}{u%ugﬁgrﬂragre PKS. ..
multifanctional polypeptide in the erythromycin producing polyketide synthase of
Saccharopolyspora erythraea.
Glycosylation Enzymes _ ,
[87] PCT Pub. No. 97/23630 and U.S. Pat. No. 5,998,194 to Abbott.
FK-506
[88] ~ Motarnedi et al., 1998, The biosynthetic gene cluster for the macrolactone
ring of the immunosuppressant FK-506, Eur. J. biochem. 256: 528-534.
[89] Motamedi et al., 1997, Structural organization of a multifunctional
polyketide synthase involved in the biosynthesis of the macrolide |
immunosuppressant FK-506, Eur. J. Biochem. 244: 74-80.
Methyltransferase
[90] U.S.Pat. No. 5,264,355 and U.S, Pat. No. 5,622,866 to Merck.
[91] Motamedi et al., 1996, Characterization of methyltransferase and
hydroxylase genes involved in the biosynthesis of the immunosuppressants FK-
506 and FK-520, J. Bacteriol. 178: 5243-5248.
FK-520
[92] PCT Pub. No. 00/20601 to Kosan.
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[76] A large nunber of nodul ar PKS genes have been cl oned&@cdobere004
i medi ately available for use in the vectors and nethods of the invention. =7
The pol produced by PKS enzynes are often further nodified by

pol yket i ﬁ‘%ifﬁﬁﬁ% i cation enzymes, also called tailoring efAlfe¥11¥194t

| i ydroxyl ate, epoxidate, nethylate, and/or glycosylate the pol yketide
product of the PKS. In accordance wth the nethods of the invention, these

genes ca | SQ: ' 0 cell to prepare a nodified

pol yketi de ofBF§$%¢g§? q#ﬁ q?bﬂ%§h§ﬁ§7gﬁﬁﬁe lists references describing

I 1l ustragovastRlia genes and correspondi ng PKS enzynes that can be utilized
In the construction of the reconbi nant PKSs and the correspondi ng DNA
conpoundﬂ%ﬂha[]%ﬁ%ﬂdkknﬁEﬁ&BﬁOhhh&ﬁﬂkention Al so presented are various
referenc§§ crjbing polyketide tailoring and nodi ficati on enzynes and
correspo ﬂs é8¥es that can be enployed to nmake the reconbi nant -DNA

conpound ept .advention. PKS and Pol yketide Tail oring Enzyne
Genes Avg%ﬁe M""d@‘{‘g‘%‘@&@ ‘P No. 5,252,474: U.S. Pat. No. 4,703, 009;
and EP PNidd&ﬁt cil8, 367 to Merck. [78] MacNei | et al. , 1993, Industri al

M croorgani sns” Basic and Alied Mlecular Genetics Baltz, Hegeman, &

Skat r ud, [%(]s PAARYDL. No28 /H69256 AbbottConpari son of the Genes Encodi ng the
Pol yketi e_Synt hases for Avernectin, Erythronym n, ~and Nenmadectin. 26 28
Cct ober 4" Hekevandabol $7T [dmuificetipgaridy d]namatmiaanomofahe niddgycifene .

115:119-12 ani z t| o of the nyces aver mtilis genes
encod ngP9§@< HOE PirBEhash i5bes Row Qe vRiomiRasaeles oy, Jictaiel 08 G2 997
Chem Reg gg &599312609 Avernectin biosynthesis. Candicidin (FROGS) [81],
Hu et al. 94 M crobial. 14:163-172. Epothil one

[98] Swan et al., 1994, Characterisation of a Streptomyces antibioticus gene
encoding a type I polyketide synthase which has an unusual coding sequence, Mol.
Gen. Genet. 242: 358-362.

[99] PCT Pub. No. 00/026349 to Kosan. ,
[100] Olano et al., 1998, Analysis of a Streptoinyces antibioticus chromosomal region
involved in oleandomycin biosynthesis, which encodes two glycosyliransferases' -
responsible for glycosylation of the macrolactone ring, Mol. Gen. Genet. 259(3): 299-
308. .

[101] PCT Pub. No. 99/05283 to Hoechst.

Picromycin

[102] PCT Pub. No. 99/61599 to Kosan.

[103] PCT Pub. No. 00/00620 to the University of Minnesota.

[104] Xue et al., 1998, Hydroxylation of macrolactones YC-17 and narbomycin is
mediated by the pikC-encoded cytochrome P450 in Streptontyces venezuelae,
Chemistry & Biology 5(11): 661-667. . _
[105] Xueetal,, Oct. 1998, A gene cluster for macrolide antibiotic biosynthesis in
Streptomyces venezuelae: Architecture of metabolic dlverSIty, Proc. Natl. Acad. Sci.
USA 95:12111 12116.

Platenolide

[106] EP Pub. No. 791,656; and U.S. Pat. No. 5,945,320 to Lilly.
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[821 PCT Pub. No. 99/66028 to Novartis. [83] PCT Pub. No8 Qohbs1224% to

" Kosan. Erythromycin [84] PCT Pub. No. 93/13663; U. S. Pat. No. 6,004, 787,
and U.'S. Pat No. 5,824,513 to Abbott. [85] Donadio et al, 1991, Science

» 252: 675-9WQ @FB8@ortes et al., 8 Nov. 1990, Nature 348: 176P@Er/uar/wmisual |y
|l arge nultifunctional polypeptide in the erythronycin produci-ng pol yketi de
synt hase of Saccl zaropol yspora erytlzr aea. dycosylation Enzynes [87] PCT
Pub. No. ﬂf?ll g%%%gland U S. Pat. No. 5,998,194 to Abbott. FK-506 [88]

Mot anedi 998, The biosynthetic gene cl uster for t he macr ol act one

ring of t{y7) NBURPSHRYGESAD ?ﬂ@é%ebﬁsb?ntﬂeu £30he528-534. [89]
Mot anedi et al ., 1997, Structural organi Zation of a rrultlfunctlonal

‘pol yket i dpo@k&hﬁas&pamyoiwé’doa. NathAcid. Seiy 113r292:3830-784% nacrol i de .
I mmunosuppr essant FK 506, Eur. J. Biochem 244: 74-80. Methyltransferase
[90] U.S. [198] . Apgrick @, 1995, iganizstiopsf thebiospndrticagsechuster fok. . [ 91]

‘Mot amredi et al eri zation of, net t ransf er.ase and

hydr oxyl aBPaekER w%?"&r% 5?5&%%6?16%%7 ARAYSELL he PREY ARG %@W nthent s

FK- 506 aﬁ%@fﬂgﬁ 443-5248. FK-520 [921 PCT Pub. No. .
00/ 20601 to &yﬁhﬂ%@@% Ee’r%é@g\%ﬁ 1/ 83800 PCT/ USOI /13793 [93]

Ni el sen emﬁm'\%cﬁ%l Bi behem 30:5789-96. Lovastatin 194] U S. Pat. No.

5,744,350 to
[109] PCT Pub. No. 98/07868 to Novartis.

[110] Augustet al., 13 Feb. 1998, Biosynthesis of the ahsamycin antibiotic
rifamycin: deductions from the molecular analysis of the rif biosynthetic gene
cluster of Amycolafopsis mediterranei 5669, Chemistry &'Bialogy, 5(2): 69-79.
Soranglum PKS
[111] US. Patent No. 6,090, 601 to Kosan.
Soraphen
[112] US. Pat. No. 5,716,849 to Novariis.
[113]. Schupp et al., 1995, ]. Bacieriology 177: 3673-3679. A Sorangium cellulosuni
(Myxobacterium) Gene Cluster for the Biosynthesis of the Macrolide Antibiotic
Soraphen A: Cloning, Characterization, and Homology to Polyketide Synthase
Genes from- Actinomycetes.
Spinocyn
{114] PCT Pub. No. 99/46387 to DowElanco.
Spiramycin
[115] US.Pat. No. 5,098,837 to Lilly.
[116] Activator Gene

U.S. Pat. No. 5,514,544 to Lilly.
Tylosin
[117] U.S. Pat. No. 5,876,991; U.S. Pat. No. 5,672,497; U.S. Pat. No. 5,149,638; EP
Pub. No. 791,655; and EP Pub. No. 238,323 to Lilly.
[118] Kuhstoss et al., 1996, Gene 183:231-6., Production of a; novel polyketide |
through the construction of a hybrid polyketide synthase.
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Nemadectin [95] MacNeil et al., 1993, supra. N ddanmycin }®0FtoPgT200db. No. -
98/ 51695 to Abbott. [97] Kakavas et al., 1997, ldentification and -
characterizati on of the niddamycin polyketide synthase genes from

Strept omWOIBMPestis, J. Bacteriol. 179:7515-7522. O e RETHWHHEII793981
Swan et al, 1994, Characterisation of a Streptonyces antibioticus gene
encodi ng a.type | pol yketide synthase which has an unusual codi ng sequence,
Mol . Gert ﬁenﬁt 24- 2 35& 362. [991 PCT Pub. No. 00/026349 to Kosan. [1001
O ano et &1 TEGRIGENANNeE "ot 4 Streptoi nyces anti bioticus chronosonal
region inpRone SlaRE9 Nhgd 28R C .

gl ycosyl t ran&hgggg%g%raes po%%ﬁgg?’g?{xg y?ﬁds?y l'a@%%@gg‘&t‘ﬁga%%\r%glﬁé’& one
ring, Mhyldstwbidsgntieticidies Fiond e 1308 refibdldf tREEHBYR ORatdyind O
Hoechst . tyFi cronycin [102] PCT Pub.ty%% 99/ 61599 toeﬁo?gg.@s}?‘%é] PCT %ub.
No. 00/00620 to the University of Mnnesota. [104] Xue et a!., 1998,

Hydr oxyl gt Lon of ¢rolactones YC-17 and narhonycin _is nediated by the
pi kG enci&g(ﬁ &BEEFWW@SS?I}%: withgrwithewtthegenes fonpolykelidei stry &

Bi ol ogy : -66 1051 X t,al Oct., 199 gene cluster for ,
macr ol i dg{léé%qcﬁllggfii ]g%%lybé% %ﬁoﬁﬁi mﬁéﬁ?%@?&%ﬁéﬁ@%ﬁ@%ﬁﬁ%%ct ure
of net abQ{fithe MRl ﬂﬁ“ ronls ; : o
Pl at enol i de e%i‘i%] EPK%%IEBQEN%‘:H%B?M&%Q g:fan . gn Hé@faﬁ ﬁ%%%é&% to
Lilly. 28&ré@ferhatien wi0hilEHRIVEEEE b tolsGhinky Portion of the desired PKS

and modification enzyme gene cluster; see U.S. Pat. No. 6,033,883, incorporated

herein by reference.

[121] For improved production of a polyketide in a host cell of the invention,
including Myxococcus host cells, one can also transform the cell to expressa
heterologous phosphopantetheinyl transferase. PKS proteins require -
phosphopantetheinylation of the ACP domains of the loading and extender
modules as well as of the PCP domain of any NRPS. Phosphopantétheinylation is
mediated by enzymes called phosphopantetheinyl transferases (PPTases). To
produce functional PKS enzyme in host cells that do not naturally express a
PPTase able to act on the desired PKS enzyme or to increase amounts of functional
PKS enzyme in host cells in which the PPTase is limiting, one can introduce a
heterologous PPTase, including but not limited to Sfp, as described in PCT Pub.
Nos. 97/13845 and 98/27203, and US. Pat. No. 6,033,883, each of whichis
incorporated herein by reference. Another suitable PPTase that can be used for this
purpose is MtaA from Stigmnatella aurantiaca.

[122] Another method provided by the present invention to imprové polyketide .
production in any organism, including but not limited to Myxbc:;cats, Streptomyces, -
and Sorangium host cells, is to select cells that are resistant to streptomycin,
rifampicin, and/ or gentamycin. In a preferred embodiment, the polyketide |
producing host cell is successively challenged with each of these compounds (or

30



Rapanycin [1071 Schwecke et al., Aug. 1995, The bi osynt h&# Octoheni#®0d| ust er
for the - pol yketi de rapanycin, Proc. Natl. Acad. Sci. USA 92: 7839-7843.

[ 108] Aparjcio et al., 1996, Organization of the biosynthetic gene cluster
“for rapar&'@loﬂ"s?’?‘?oswepforryces hygroscopi cus: anal ysis of PREUSAKIATEII C
domains in the nodul ar pol yketi de synthase, Gene 169:9-16. R famycin
[ 1091 PCT Pub. No. 98/07868 to Novartis. [1101 August et al., 13 Feb. 1998,

Bi osynt hegy ks ' Ibiotkc | f i ny. deductions fromthe
mol ecul ar %g?lnéﬁ/y s‘%ﬁﬂ?ﬂ?r&#ﬁc@%@%ﬁﬁ? z?né”geésﬁi%‘ Selar Hr988eeol at opsi s
medi t er r anprilylaaafh prdiRidtioh abilfy Bre idtted 30Q)use8 s ' . 111]
U.S. Patent No. 6000 600 caricy 2o sgrapheurfe?sliﬁ'%ﬁeﬂ??&@ﬂa@ e O 6 849
to Novar t ils.thisTagjner, Sotompobiaim|for edffiple ahd Wattiorst Lichiestior, AV,3668:3679. A
Sor angi um cel | ul osuni_ _(Myxobacteri m Gene Cluster for the Bi dbsynthesis of

the Macr oPPHEaROsbsell that praghuges epothilogesniangpathilone derivative athighnd
Honol o tide Synthase, Genes .from Acti nomycetes, Spinocyn [1141
PCT Pug.y R%"ﬁ‘gé%ﬁ%%ﬁ?‘s%%&&% fprycm, %Hw’ﬁnajé%‘fawgﬂ Pat. No.

5,098,837 to Lilly. [116] Activator CGene U. S. Pat. No. 5,514,544 to Lilly.
Tylosin [1171 U.S. Pat. No. 5,876,991; U S. Pat. No. 5,672,497, U S. Pat.

(1181 KunSt 0%t of Al 1000, Gone 185 591 & Rreny 6 Hhodfd A pobinit

pol yket i déoundsinpatvreibut elsndo prodionpalyketifgbpiathmetbyefiedsrodyit s .
recombinant PKS genes and modification enzymes. In one important embodiment,
the present invention provides recombinant DNA expression vectors that comprise
a hybrid PKS. For purposes of the present invention a hybrid PKS is a recombinant
PKS that comprises all or part of one or more extender modules, loading module,
and thioesterase/cyclase domain of a first PKS and all or part of one or more -
extender modules, loading module, and thioesterase/cyclase domain of a second .

PKS.

[124] Those of skill in the art will recognize that all or part of either the first or-
second PKS in a hybrid PKS of the invention need not be isolated from a na@ﬂy
occurting source. For example, only a small portion of an AT domain determines
its specificity. See PCT Pub. No. 00/001838, incorporated herein by reference. The
state of the art in DNA synthesis allows the artisan to construct de novo DNA.
compounds of size sufficient to construct a useful portion of a PKS module or
domain. For purposes of the present invention, such synthetic DNA compounds

are deemed to be a portion of a PKS.

[125] As the above Table illustrates, there are a Wide variety of PKS genes that
serve as readily available sources of DNA and sequence information for use in
constructing the hybrid PKS—encodelg DNA compounds of the invention. Methods
for constructing hybrid PKS-encoding DNA compounds are described in US.
Patent Nos. 6,022,731; 5,962,290; 5,672,491; and 5,712,146 and PCT Pub. Nos.
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29 28 Cctober 2004 WO 01/83800 PCTIUSQOL/ 13793 [ 1191 Tai | 18 Ogob&r200®s i
Mer son- Davies and Cundliffe, 1994, M. Mcrobiol. 13: 349-355. Analysis of ~
five tylosin biosynthetic genes fromthe tyl BA region of the St eptomyces
fradi ae” JEROWEB0Y 120] Any of the above genes; with or witReHUSIMB¥Henes for -
pol yketide nodification, if any, can be enployed in the reconbi nant DNA :
expression vectors of the invention. Mreover, the host cells of the

i nvention can be constructed E(é transformation with nult i&é vectors, each

cont ai ni A%/493318+99/61589; anee0Q47 724 epglof witchyisdincorparatad hereimby gene
duster; U. S....Paj . 033, 883, , ted _herein h f )
HI50] FofSrriayEe bR Rradas DN Rathas of (ifEaiin sen bhe
[ ti Al | farmth
col Tt o BybriBe R KRE T Beildl kbl witere iy 690 o200l 2030 B’ "©
pr ot ei Nsafee@ltéd Bvo m@ﬁ@ﬂmadhﬁshﬂim&/hybﬁ@%@k ihhehiCRRIANBireof e  he

5

| oadi ng and extender nodules as well™as the PCP domai'n of any NRPS.
Phosphopamidstéis detlived tnom a secred] BKS¢eby. Einasensfskilhin the at osilippastietehei ny!

transferases (PPT s). TJo, produce functjonal PKS enzynme in host cells
that  do. B RETAPRY @5the Esbenmorrmees db Lot diitesh L oind KB of ra 0PKS
enzyne of, t o4 NCrease anpu f . funct.i onal .enzy. L n host cel.ls in

wh oo nERHeRERE I PR ATRS Biat cOBFiNGE Prerdde 15 viiehat fratSne SElS e,
el udi ngoByknd @ity il hESrd18eShOmaIETHEA PRaS IR BELARY 7/,13845
and 98/27(2)03, anttiﬁ-u. S Pat. Ro. %}033,’3@%, eac ?)Fg IC Q%Od}gli%ggr?%grated
her ei n bhefe@cf)leﬁeﬁs PKSA(ig) A PKS thidt *bhifd pecteimflont ahebaolsRAisFIS hids =~
purpose is MaA from Stirtﬂ patel | a aurantiaca. [1221 Another net hod provi ded
by the pfig}eombinatinnsiofthe foregping/e pol yketi de production in any organi sm
including but not limted to Myxococcus, Streptonyces, and Sorangiuni host
cells, is to select cells that are resistant to streptomycin, rifanpicin,

nost ce T2CL EBLDAS AR ROt B oS R b BeniheReer ™

coding sequences for one or more domains of a module from a first PKS with

coding sequences for one or more domains of a module from a second PKS to
construct a recombinant coding sequence. Generally, any reference herein to
inserting or replacing a KR, DH, and/or ER domain includes the replacement of . -
the associated KR, DH, or ER doﬁzains in that module, typically with
corresponding domains from the module from which the inserted or replacing
domain is obtained. The KS and/ or ACP of any module can also be replaced, if
desired or beneficial, with another KS and/ or ACP. For example, if the production
of an epothilone derivative compound is low due to an alteration in a module,
production may be improved by altering the KS and/or ACP domains of the'
‘succeeding module. In each of these reinlacements or insertions, the heterologous -
KS, AT, DH, KR, ER, or ACP coding sequence can originate from a coding
sequence from another module of the same or different PKS or from chemical

synthesis to obtain the hybrid PKS coding sequence.

[127] While an important embodiment of the present invention relates to hybrid
PKS genes, the present invention also provides recombinant PKS genes in which

there is no second PKS gene sequence present but which differ from a naturally
32



30 28 Cctober 2004 WO 01/83800 PCTI US01/13793 conpounds si8n@itaberi2004
~structure thereto), and resistant cells with increased polyketide
production ability are isolated and used in the next round of selection.
“.ln this nm¥A8K8sehe can obtain, for exanple and without |iRECT/ASIIGIT93a
Myxococcus xant hus host cell that produces epothilone or an epothil one
derivative at high .levels and is resistant to streptomycin, rifanpicin,
and gentanycin, [123] The host cells of the invention can be used not only
t o producecepbigRES gane by omedrimoremutations arad Ao ddetioms The detdtidsetdates
pr oduced ?i\ﬂ/ t he products of r onbigant . PKS ‘gfnes and nodi fication
enzynes. FHCYHER W?%Wr%mﬂfﬁﬁﬁ%% comapps andycrfan; by kisnited o grdnletien -
reconbi nagg: ' at ri g6 .a hybrid PKS. For,
pur poses. aRATROEARR MR & o, P IRletEn Bt e ks ¢ ha
conpr i ses eftdndef nitRfile QhtheP ehedl aIFN_I@%ﬁMl?V &mgﬁﬁﬁlgpg&?ﬁé!?@e qedyhig.e and
a first PKS or rt of o nor e

't hi oest erase/ cycl ase domai n of nd all ne "ofr

ext ender imahlbast twioaadbounps shutdrdhan thie tdmpeahdrmodiecyd base tIOPESfrdth 2
second PKS. [124] Those of skill in the art will recognize that all or part
of eit her WiHeh the deletad versiomiyapderived.alhg deletiorkan alsodnsompass an MR BB ed

Sl | por BBEAnIOhE 1 nrtvler fliela ddleRORGS SR Fpcus, e Pub.
No. 00/00 ol ' t h (O
DA synt heokeon MEREREREbER IRYE! dndtt d EhBrE Mlely S Ib i T o R sty 1" -

si ze suff beinite than eaeslobtkdh, fuchseiBdth M tandER doanBKS SPsHth KF0hnd THHTRI N.
For purposes of the present invention, such synthetic DNA conpounds are

deered t odpmaing or @lldhresf KR, DES andiER dossainheA alomvain Tlal RKS banslso diees,
there are, g Wi dg varijety. of PKS genes that, serve as readily avail able
d i%ﬁ‘g@aﬂéhééy 7!

sour ces of

PKS- encodi i [ t hods .for nsjructing

ybr 0 PRCSREaieRs TR S pllfed PRl R iR G ondint e

6, 022, 731furketi¥d] 89Ris Bty fallyOlincABHaIby rxtaton A0r&Solr R sphBficity of an
AT domain can also be altered by mutation, such as by random or site-specific

mutagenesis.

[128] To construct any PKS of the invention, one can employ a technique,
described in PCT Pub. No. 98/27203 and U.S. Patent No. 6,033,883, each of which
is incorporated herein by reference, in which the various genes of the PKS and
‘optionally genes for one or more polyketide modification enzymes are divided
into two or more, often three, segments, and each segment is placed on a separate
expression vector (see also PCT Pub. No. 00/063361, both of which are
incorporated herein by reference). In this manner, the full complement of genes
can be assembled and manipulated more readily for heterologous expression, énd
each of the segments of the gene can be altered, and various altered segments can-
be combined in a single host cell to provide a recombinant PKS gene of the
invention. This technique makes more efficient the construction of large libraries of
recombinant PKS genes, vectors for expressing those genes, and host cells -
comprising those vectors. In this and other contexts, the genes encoding the

desired PKS not only can be present on two or more vectors, but also can be
33

PriaFieR: Fush by randam orsiaspedidici ng t he hybrid «.



31 28 Cctober-2004 WO 01/83800 PCT/ US01/ 13793 98/ 49315; 924 OiivB&: 2(and .

00/ 047724, each of which is incorporated herein by reference. The hybrid

PKS—enCO({gﬁg conpounds of the invention can be hybrids of nore than
é’g%{’/

two PKS g en where only two genes are used, there PATESIAEBtwo or -
nore nmodul es in the hybrid gene in which all or part of the nodule is
derived froma second PKS gene. Those of skill inthe art wll appreciate
that a hybrid PKS of th ven udes but is not [imted to a PKS of
any of (Hdey ?Wﬁ@gﬁﬂ Rentwhichextainth thenatiye predugenhi ch at

| east on 4 0 tergl ogous nodule; (ii) a PKS that
cont ai ns%é. ‘I’rr%lm %Og}gﬁ\l@ﬂ#egé&eg%%8£ % (ii1) a PKS that contains a

protein froma heterol ogous PKS; and (iv) comnbinations of the foregoing.
[1261 Hybrid PKS enzynmes of the invention are often constructed by

repl aci ng129jodnngreauedand iflostrattneembodinent) diiceendinantedbbadl br g @ -
first PKS with COdI ng sequences for one or nore domains of a nodule froma -

sefcond Pl@vhemlomprﬂyium@paﬂn&tﬂmi apepotbidona gesivgtive.cthe mmlwd lé’ any .
ER
fﬁcFLSQS%ﬁéﬁrﬁs@?té’m@ﬁ?%% i PSR o . Toianch) 2 o ”;‘h n that
dul
Che | noePLafeaty dectiiifly <R ERRR AR Teled Ikl Epliitont desiaives )

modul e Ca adbksyshere @deae tcbahcd Shis® eaﬁc%fl@ﬁkﬁga ccé!!l’lé Fhapot her KS

and/ or ACP. For exarrple IT the p oduc ion of an epothilone derivative
conpound companmnditeavienpplication s tintifungals, tankedr ehemptlwstuptinics, Bag be

i nproved by altering the KS and/ or 'ACP domains of the, succeeding

nodul e. ARDABRPSUPPTESRASES, PR generalhit fordhe ﬂ:fe@@m@nm@nﬂanmmmpoangous KS,

Sequence BpsmitmEre s g%%&“ﬁﬁ%”%%ﬁéﬁ” Pl Plefosibretherosrebienem cal
e A oSS e 4 A e, e,
the pr esentusallyartiaing Semngian celbdosuatelz i0aohicRiBeP BACS bédh itdintified.
Moreover, S. cellulosum is very slow growing, and fermentation of S. cellulosum:
strains is difficult and time-consuming. One important benefit conferred by the

- present invention is the ability simply to produce an epothilone or epothilone - . -
derivative in a non-5. cellulosum host cell. Another advantage of the present
invention is the ability to produce the epothilones at higher levels and in greater .
amounts in the recombinant host cells provided by the invention than possible in - -
the naturally occurring epothilone producer cells. Yet another advantage is the
ability to produce an epothilone derivative in a recombinant host cell. Thus, the
present invention provides recombinant host cells that produce a desired
epothilone or epothilone derivative. In a preferred embodiment, the host cell -

* produces the epothilone or epothilone derivative at equal to or greater than 10
mg/L. In one embodiment, the invention provides host cells that produce one or
more of the epothilones or epothilone derivatives at higher levels than produced in
the naturally occurring organisms that produce epothilones. In another
embodiment, the invention provides host cells that produce mixtures of
epothilones that are less complex than the mixtures produced by naturally
occurring host cells that produce epothilones. .
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..or nore

_there is no second PKS gene sequence present but which di2g eticbednoa
naturally 32 28 October 2004 WO 01/83800 PCT/USO /13793 occurring PKS gene
by one or re nutations and/ or del etions. The del etions can enconpass one
nﬁ%l"&;’s@} domai ns and/or can be linmited to a del ePCEASOULITA} n one
or nore nodul es or domai ns. \When a del eti on enconpasses an entire extender
nodul e - (other than an NRPS nodul e), the resulting pol yketide derivative
is at least two carbons shorter than the conpound produced fromthe PKS
from which the del eted version was derived. The deletion can al so

wiinin o KSR 8 o dBelfy PRAeRa bR Riitu Bith e colly e Tt ©
and ER dofar nece (o SAnpIR AR B of oMTARes Ban RNBAMIY ettt Bl e’

domai ns. fhatgmatincoépathfliéhies. alis ahe axdtaple, dedtatrelidst CeMe bf @ik ¥nhyn L at i on,
such as by randomor site-specific nutagenesis. Thus, as exenplifie

herei n, aPrrd@arpathdane Buinralesseemptonmbtume thamis produbed bytahaatutally y .
functional b rrut%ri on. I\/b{@over, the specifjcity of an AT dommin can al so
be alter eﬂcﬂé—nﬁ’ﬁt PumLgilyfosanecause epoiilone R ispmajeys produdt iythessi s.

[128] To ggns . i t ne can.enploy a te i que,
described in %(#%%WR& 58)%3@3@ %\rﬁ%gt}r%ﬂﬂﬁgyé)ﬁfuﬁg}gng?r &%?ﬁﬂ‘z%gﬁ’ of
which ' belld thaeppodadetshoiRIGhS thpida8l SR ilﬂiﬁﬁﬁf ﬁt&hy Loysggenes of .
t he PKS and optlponal | y "genes fot??sclz)ne r rmrgapol y eef(:ﬁdé modi %%%fpbﬁ’

enzymes abe EiFvantbdthedrmteny tvinonprodudts, withenly kpethiloiRg¥eahd B phdeRfs
segnent is placed on a selpéi\)rate expression vector (see al so Pub. No.

00/ 06336 1Mo Progiucih he Taple 1 balosy pammarizesdheiepotyilonssqredaced inn - t hi s
manner, t . e { .of ngepgs . can be assenbl ed and mani pul ated nore
readi |y fgrﬁf%g%éﬁ%%%ﬁggﬁ&’ rcgggf)gﬁ:‘e%w&nhgach of the segnents of .the gene
can be altered, and various altered geggpptys can be conbined in a single.
host cell to provide_a reconbi nant PKS gene of the invention. This

t echni que makes nor ¢ @&ifType ent} HpothiboesRrodcéedonNEpsthilaifeg ot | bf ari es of
' ' Produced*

1 AB,CD E,F

2 AC B.D,E,F

3 B.D A, CEF

4 _ AB C,D

5 C,D AB

6 B ACD,EF

7 D A,B,C,E,F

*or produced only as minor products

[131] Thus, the recombinant host cells of the invention also include host cells that

produce as a major product only one desired epothilone or epothilone derivative.
{132} Based solely on an analysis of the domains of the epothilone PKS, one could

predict that the PKS enzyme catalyzes the production of epothilones arbitrarily
designated “G” and “H”, the structures of which are shown below:
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reconbi nant PKS genes, vectors for expressing those genes?8 QoabbidiXt04cel | s
conprising those vectors. In this and other contexts, the genes encoding
the desi éd PKS not only can be present on two or nore vectors, but also
can be 35’{’ 81880bper 2004 WO 01/ 83800 PCTI US01/ 13793 or de®EF/¥50143¥anged
differently fromthat which exists in the native producer organismfrom
whi ch the genes were derived. [129) In a preferred and illustrative

enbodi ment, the reconbi nant host cell of tge i nvention produces epothilone
or an epothilone derivative. The naturally] occurring epothilones

(i ncluding epothilone A D, E ygnhd FY _and npon- naturally occurring
conpounds structurall t herjet o ~tepdihi+tone~derivatives or anal ogs)
are potent cytotoxic agen eci fijc for|'?
have application as anti-fingal™ss—Canc chenot hepapeutyi@s, and

i munosuppr essants, and general ly forfthe treaign€at of inflamuation or any.
hyperproliferative disease, such as pkoriasis, Ydltiplte sclerosis,

at herosclerosis, and bl ockage of stér 1e_epothibOngs are produced at
very low levels in the. naturally occunri i um cel lulosumcells in
whi ch they have been identified. Moreoyer, $3 |l osumis very slow
growi ng, and fernentation of S. cellulosum strains is difficult and

ti me-consuni ng. One i npor EpnthilmestG (Reb)hadH(RECHA)e present invention
is the ability sinply to produce an epothilone or epothilone derivative in
a non-S. cellul osumhost cell. Another advantage of the present invention

mount s P na "o AR aRet ABEERbR Q80 Reies dn By ameiioie Bar 4o

- o~

eukaryotid cells. These conpounds -

possi bl ehiyﬂroéé}? @112 Ad dpSthilbhE Hwa%&ﬁ%gﬁﬁ% 6L \'g)ogﬁidrﬁ Theet anot her

a
advantage’is the ability o produce an epo derivative in a
r econbi namtiahosat ihel C-12 fusitior Bepreficted tb arisy Boi thie @hilivy fthe econbi nant

" orcf or FRCaRRNGERT domanedender module §) ook e bepbehheomaial -

chodi menA drdiRi st o Rme Gy et Sl tiod diing wed rlobrever,
epothilones G and H have not been observed in nature or in the recombinant host
cells of the invention. Instead, the products of the PKS are believed to be
epothilones C and D, which differ from epothilones G and H, respectively, by .
having a C-12 to C-13 double bond and lacking a C-13 hydroxyl substituent. Based
on the expression of the epothilone PKS genes in heterologous host cells and the -
products produced by genetic alteration of those genes, as described more fully
below, the dehydration reaction that forms the C12-C13 double bond in
epothilones C and D is believed to be carried out by the epothilone PKS itself. -
Epothilones A and B are formed from epothilones C and D, respectively, by
epoxidation of the C-12 to C-13 double bond by the epoK gene product. = -
Epothilones E and F may be formed from epothilones A and B, respectively, by
hydroxylation of the C-21 methyl group or by incorporation of a hydroxymalonyl
CoA instead of a malonyl CoA by the loading module of the epothilone PKS, as
discussed further below.

[134] Thus expression of the epothilone PKS genes and the epoK gene in a host cell

of the invention leads to the production of epothilones A, B, C, and D. If the epoK
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npre of the epothilones or epothilone derivatives at hi ght# Ottebel 2004 han
“produced in the naturally occurring organisns that produce epothilones. In
anot her enbodi ment, the invention provides host cells that produce

- .m xtures oOVOOHRISOMI | ones that are | ess conpl ex than the ni rRewuser/Eexiuced
by naturally occurring host cells that produce epothilones. 34 28 Cctober
2004 WO 01/83800 PCTIUS01/13793 [130] In an especially preferred

enbodi nent, the host cells of the invention produce |ess conplex m xtures
of epot hi Igeness hbepredennat israhdgreddaactiveg patihlly ihhaivebpdusatianahbhl ones.
As one exanple, certain host cells of the invention can c{)roduce epot hi | one

Din al e@o@?@e@ﬁ mx%tnjw pmceﬁalpmaiqnpmdgcta Ihtheuh T (?maim&mcr]én@r

For o andoaiE B ebagat BY o AR Romainpe o oy Sy %%ép%&éjﬁw
|1 ul | Ce: ' .yl '

pot hi | onds 28 G ire PRiyREWERIIRETEs BRI SR Yoht 4G pBufllaflatiRs ©

epot hi | onggrobusstiabitiyy @apRtpraduct® e AT deHeiS of hRndePhfodulo2 i (;)laced

sumari zeS the epothil ones produced in different illustratrive st cells
of the i nbgran Ad.domBirEspecitsl for TygthFhoalonybOesA RhedepettiihnidsiH ankD dvet

Produced* |I.A B C DE F 2A,CB, D, E, F 3B, DA C E, F 4A BC, D 5C DA B 6BA C D, E, F
7DA, B, C, Eprodgredsabmajad ang; elsguuinstionahqroXigene, thea r ecombi nant

host el | 8fnifdie bW BRI SRANR BghygLAR! cell's that

[135] The epothilone PKS and modification enzyme genes were cloned from the
epothilone producing strain, Sorangium cellulosum SVP44. Total DNA was
prepared from this stram using the procedure described by Jaoua et al., 1992,
Plasmid 28: 157-165, incorporated herein by reference. A cosmid library was
prepared from S. cellulosum genomic DNA in pSupercos (Stratagene). The entire -
PKS and modification enzyme gene cluster was isolated in four overlapping
cosmid clones (deposited on February 17, 1999, under the terms of the Budapest
Treaty with the American Type Culture Collection {ATCC), 10801 University
Blvd., Manassas, VA, 20110-2209 USA, and assigned ATCC accession numbers as
follows: pKOS35-70.1A2 (ATCC 203782), pKOS35-70.4 (ATCC 203781), pKOS35-
70.8A3 (ATCC 203783), and pKOS35-79.85 (ATCC 203780)) and the DNA sequence
determined, as described in PCT Pub. No. 00/031237, incorporated herein by
reference. DNA sequence analysis revealed a PKS gene cluster with a loading
module and nine extender modules. Downstream of the PKS sequenée is an open
reading frame (ORF), designated epoK, that shows strong homology to cytd:‘hrome '
P450 oxidase genes and encodes the epothilone epoxidase modification enzyme.

[136] The PKS genes are organized in 6 ORFs. At the polypeptide level, the |
loading module and extender modules 1 (an NRPS), 2, and 9 appear on individual
polypeptides; their corresponding genes are designated epoA, epoB, epoC, and epoF
respectively. Modules 3, 4, 5, and 6 are contained on a single polypetidé whose
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produce as a major product only one desired epothil one or2&peibhéd 2008
derivative. 1132] Based solely on an analysis of the donains of the
epot hil one PKS, one could predict that the PKS enzyne catal yzes the
product i OWOdH/83§98t hi | ones arbitrarily designated "G' and Pa¥nysdihe7es
structures of which are shown below 35 28 Cctober 2004 WO 01/ 83800
PCT/1JS01/ 13793 R HOB 12 113 Epothilones G (R=H) and H (R=CI 3). [133]
These .conpounds differ from one another in that epothilone G has a

hydr ogen gemeds designatedrpoli dmdbenddulas 7 and® drplorgansthen polyiadptidesivhbgn. The
vari ance at th C—12 %%%?é nis predl cted to arise fromthe ability of the

corr esporﬁﬁnﬁ’ds @H“é?ell-l) OB¥Fs shggeststhas fmfﬁdpeDtkmE

e e
r econbi ”%Hislﬁfg%t%ﬁ&bhsbﬂt}ﬁef@afe’bé%ﬂéé Q%ap iRatliy 106 bBRMELS Pl LI SP*C\;S

are believed to epot hi | ones ron1epo

and H, reppEahdddbbp lmtwehavpmaﬂd@ﬂeﬂtawsuﬂcﬁc&ﬁuﬁ{@ t@dhkacki ng a

C 13 hydroxyl substltuent Based on the expression of the epothilone PKS
genes |ne@@ﬂ@hﬁﬁh@%ﬁgﬁhgshﬁﬁﬁu$Shqwnthenapcdhmbekwpnnﬂdmﬂﬂemy genétic .
alteration of those genes, as descr] Qgﬂg@ﬁ%f fully below, the dehydration
reaction that forms the Cl2-C13 douBt in ‘epothilones Cand Dis
believed to be carried out by the epothilone PKS itself. Epothilones A and
B are forned fromepothilones C and D, respectively, by epoxidation of the
C-12 to G 13 doubl e bond by the epoK gene product Epot hi | ones E and F may

befornedfromegvrm—rvnvsTa'rrd*B—r on of the
C-21 met hyl group or by incorporation of a hydroxymal onyl CoA ihstead of a

mal onyl CoA by the | oading nodul e of the epoth| | one PKS, as discussed

further bel ow. €pPoA epoB epoC epoD epoE epofF eﬁoK
load Mod1 Mod 2 Mod 3,4,5,&6 Mod 788 Mod9 _

[137] Immediately downstream of epok, the P450 epoxidase gene, is ORFL, which

encodesa polypeptide that appears to include membrane spanning domains and'
may be involved in epothilone transport. This ORF is followed by a number of -
ORFs that include genes that may encode proteins involved in transport and
regulation.

A detailed examination of the modules shows an organization and composition -
consistent with the biosynthesis of epothilone. The description that follows is at the - .
polypetlde level. The sequence of the AT domain in the load.mg module and in
extender modules 3, 4, 5, and 9 shows similarity to the consensus sequence for
malonyl loading modules, consistent with the presence of an H side chain at C-14,
C-12 (epothilones A and C), C-10, and C-2, respectively; as well as the loading
module. The AT domains in modules 2, 6, 7, and 8 resemb_le the consensus
sequence for methylmalonyl specifying AT domains, again consistent with the
presence of methy! side chains at C-16, C-8, C-6, and C-4 respecftively.
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[ 134] Thus expression of the epothilone PKS genes and t he2&Qerbgefé4in a
“host cell of the invention |leads to the production of epothilones A B, C
and D. If the epoK 36 28 Cct ober 2004 WO 01/83800 PCT/US01/ 13793 gene is

. not preseRtO6r83BY rendered inactive or partially inactive bgrmséision, then
epot hilones C and D are produced as nmgjor products. If the AT domain of
extender nodule 4 is replaced by an AT domain specific for mal onyl CoA,

t hen epot-hilones A and C are produced, and if there is no functional epoK
gene, t hefi38poThe temiting msdulercoituingadS ddmairejrowhictothedystdifie tdigdwd donmai n
of extender nodule 4 is replaced by an AT domai n specific for nethyhnal onyl
Co A theHsuahoprasenhatsthe aghive site issinsipad dutysdsing. Iﬁljsdonmmda designated asf

there is functional epoK gene, then . epothil:one D i roduced as the
maj orpr oRekend PYEET apadeaHi e R ErRATHEE 1 PORTRD B ter ¢
cloned.fr ' [ 10,33 ' Ll ni ,SMP44.
Tot al W%@ﬁpﬁsgag%# Q’%n tHi s&s’]'?ﬁg? ﬁ{eﬁlg ?ﬁﬁﬁ%%?e%%ﬁg%@ éiPili%ed by
Jaoua et glalodf9%A, ioveit & the ACP; AabdetdibokPatafted yikdd eha abity] Rlselighce. A

cosnzid library was prepared fromsS. cellul osum genom c DNA i h pSupercos
( St r at agerejuirefhfor enndersatiokiSvithaysiedind. (Fxétrder modyles] iyahe nonusbesomwals

i solated in fqur oyerlapping cosmd clones (deposited on February 17,1999,
under th eP?BF‘%% SYﬁ“X‘FF@e Bﬁﬂ%}f@?@tes'lﬂﬁféme and gaiahezesthe conderspsiencuithur e

o et oAl e GRR LBl h eBltc RR RBn R r R
203782), pKPBR: \F (&%ﬁgﬁﬁs - ﬁéﬁ% s : d
pKC)835279.R85 (A'g%%g%%&an t e’%ﬁ%‘g&gqfﬁg%ge ((ertegrm ned,Zég%’adggcri bed
i n PCT Puphotphopt&bieRddatiomsite, 2o elidatitre doiinilya cydhtioaddmaiédng agiuence .

anal ysis reveal ed a PKS gene cluster with a | oading nodul e and nine
ext ender fiongptien dosoaint Extenrder massleRdetermings the siractuspofiepothilonagt fr ane:

] dhbe GUHEL: GrlY- AREdEEo i oL A D dogHindn sedsied el e a-tor 7enzy e, -
[1361 ThegBKRiSPROR i (R BREARE TH: 8o dBER: inftholillfe PASRERIEG |84 She the

structure of epothilone at C-14 and C-15; the OH that comes from the action of the

KR is employed in the lactonization of the molecule. Extender module 4 controls
the structure at C-12 and C-13 where a double bond is found in epothilones C and’
D. Although the sequence of the AT domain appears to resemble those that specify
malonate loading, it can also load methylmalonate, thereby accounting in part for
the mixture of epothilones found in the fermentation broths of the naturally

producing organisms.

[139] A significant departure from the expected array of functions was found in

extender module 4. This module was expected to contain a DH domain, thereby

directing the synthesis of epothilones C and D as the products of the PKS. Analysis
revealed that the space between the AT and KR domains of module 4 was not large’

enough to accommodate a functional DH domain. Thus, the extent of reduction at

module 4 appears not to proceed beyond the ketoreduction of the beta-keto

formed after the condensation directed by extender module 4. As shown herein,

the epothilone PKS genes alone are sufficient to confer the ability to produce

epothilones C and D to the host cells of the invention. The heterologous
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| oadi ng nodul e and extender nodules 1 (an NRPS), 2, and L&Ppeber 2004

I ndi vi dual pol ypeptides; their correspondi ng genes are desi gnated epoA,
epoB, epqC, and epoF respectively- Mdules 3,4,5, and 6 are contained on a
singl e potQQUEIL whose 37 28 Cctober 2004 WO 01/ 83800 PEET(SOVAFSTI3 gene -
is designated epoD, and nodules 7 and S are on another pol ypepti de whose N
gene i s designated epoE. The spaci ng bet ween- ORFs suggests that epoC, epoD,
epoE and eaoF_con tityte an _operon. The epoA, epoB, and epoK gene may be

al so par tPrefucien of ppplulonss find B dempnstzatgs th t bppdehydettely 100

bp betwe and. . epoC and 115.bp betyeen eppF and epoK t hat., coul d

cont ai n %%‘%E#&?mﬁrﬁ’@ug% icﬂo&ﬁ)ée B@g%‘%gﬁcqrgg?ﬁapgo hevpressipgeitheal | y

bel ow in RS, SRV, . F epoK P- -
PP- PP- §,§% HEIThe PKS genesald tdp @?E@@B%d}% %ﬁ%@%oﬁwﬁgﬁﬁgﬁmn |
| mredi at ¢hy déhydsiticrareaction pladt fole thd WO kbAA $EbARIRA foDeREdiatdt] 'bgh .
encodes a poDIl_ipeptl_de t hat appears to include nenbrane spanni ng domains and -
may be i ithe Dk domainpfentansies nodude Smftthe Tpothilorie PKS tindl thagendstionufrber

of ORFs that inca\

and reg@ SrEAte

-

e genes that ,may encode profeins involved in transport
QPTEHTT Iordbireduetion by the BR demgipokmedule 5,

organi zati on and conposition consistent with the biosynthesis of _

epot hil one.” The description that follows is at the polypetide |evel. The

sequence [pf0]t tdd&qABHiles™S ditPs kadHha: AR CseR B rddlictf & es

3,4,5, and .9 shows simlarity to the consensus sequence tor mal onyl

| oadi ng iHdeinesER cangicht #ret methylendfurptions atc €-0f amd (-0 SEdené&aimpddalesF 14,
C- 12 (epothilones A and O,

C- 10, and C 2, respectively, as well as the "
| oadi ng ve KR«domainsiaiyield; the hyduvads at €-7 and (43 and exteniler t he
cOnSensUsnodule 8 does not have a fﬁncﬁonal KR domain, consistent with the presence of

the keto group at C-5. Extender module 8 also contains a methyliransferase (MT)
domain that results in the presence of the geminal dimethyl function at C4.

Extender module 9 also has a thioesterase domain that terminates polyketide

synthesis and catalyzes ring closure.

[141] The genes, proteins, modules, and domains of the epothilone PKS aré

summarized in the following Table 2.

TABLE 2

Gene Protein Modules Domains Present

epod EpoA Load KSY mAT ER ACP .

epoB EpoB 1 NRPS, condensation, heterocyclization,

: adenylation, thiolation, PCP

epoC EpoC 2 KS mmAT DH KR ACP

{ epoD EpoD 3-6 ES mAT KR ACP; KS mATKR ACP; KS
mAT DH ER KR ACP; KS mmAT DH ER
o - | KR ACP . :

epol EpoE 7-8 KS mmAT KR ACP; KS mmAT MT DH* KR* A(

| epoF EpoF 9 KS mAT KR DH* ER* ACPTE

NRPS —non-ribosomal peptide synthetase; KS — ketosynthase; mAT — malonyl CoA specifying
acyltransferase; mmAT — methylmalonyl CoA specifying acyltransferase; DH — dehydratase; ER —
enoylreductase; KR — ketoreductase; MT — methyliransferase; TE thioesterase; * — inactive domain.

[142] Tnspection of the sequence has revealed translational coupling between epoA
and epoB (loading module and the extender module 1 NRPS) and between epoC

a0 -



sequence for nmethyl mal onyl specifying AT domai ns, agai n cthOcieber200mi th the -
presence of nmethyl side chains at CG16, C8, C6, and C4 respecti vely. 38
28 COct ober 2004 WD 01/83800 PCT/ US01113793 [138] The | oadi ng nodul e

- contains VKSUEEMBi n in which the cysteine residue usual | pCpUSEEsyozat t he
active site is instead a tyrosine. This domain is designated as KSY and
serves as a decarboxyl ase, which is part of its normal function, but cannot
function-as a condensi ng enzynme. Thus, the | oading nodule is expected to

| oad nal 8RJiepd3AYerpsraall gaps ardueendeiween epd? and epofl and epdE and yiod bt he
acetyl residue r Uiilﬁgﬁzor ondensation wth _cysteine. Extender nodule 1
i s the no®®P? BESEHETS ‘3%9'%; brivieen eppfs and epel and epely and ppaK. These
catal yzes; ' 1 on the | oadi ng nodul e. The
sequence %%%ﬁgf%g%%}%g#g%ﬁ§ﬁ{ﬁ%§r to ATP binding and ATPase

domai ns, required for activation of am no acids, a

‘phosphopant et hei nyl ati on site, an oxidation domain, a cyclization domain,

and an elkE3§ailhus, therepiothildha B8 és a ﬂﬁdﬁb&t&hﬂﬁi%ﬁléﬂ@ﬁrqbdﬁ@d&iﬂﬂi@?@ﬁ@ of
epot hil one a C- 15 - C.17. _The presence_of the in i e 2

donmain i n nodu

yi el ds t hBresuds o theypapdenoBreiass, gpaly, eppk, ansl enolil geneTiEo domfai the abilityottul e 3
i t with,Lhe struct f £ hi | t G 14 _and C-15; the OH
that - comeBredsn aalbofes B HhoeAe e Pva et eell Hath Hirerabinam o
th | ec d t C.12 and G- 13
V\:hgl’ (ram aeg%ﬁ’gm%%ggﬁep?%ﬁﬁgﬁf ﬁn‘ggg‘%lﬂ %rger?e&sf!}@e g%\%é%ﬂ{‘%@ﬁgaaﬂ&t ﬁg' sequence
of the AToptioni aﬂm%leaeﬁ,@uenaga@m chpasie dfleapresdf intha %&%ﬂ%&s@di ng,
e

it can also | oad nethyl nal onate, ‘t hereby accounting in part for
m xt ure off #gBinitheadsvilbaprreriate thatfwhite theepathilonetns athet PKSratzyik!.y

produci ng_organi sns. .[139] A significant departure fromthe expect ed array
of functiHW%ﬁa‘?i?%ﬁﬂEOPﬁLsg}&i%%HEWh%ﬂh gse engynapsda hEpisally expected to
contain anﬁlh’ﬁ?:?ﬁﬂli e Lrecti he, synt.hesd f t hil.ones C and
D as the products gpr(%lﬁ.g{sp 1S %%@%‘8%5%@ VF?&@MM%% t he
AT and KRadeanasunellyBediténd PRBhy @bletich 98 mE@aas: APRP
functi onal DH domai n.Y Thus, ?he e ten'Ee of ré%ucti%goggyﬁﬁa &aPKS%at

is composed of portions of two different PKS enzymes) by altering one or more

genes that encode one or more of the multiple proteins that constitute the PKS..

[144] The post-PKS modification or tailoring of epothilone includes multiple steps
mediated by multiple enzymes. These enzymes are referred to herein as tailoring -
or modification enzymes. Expression of the epothilone PKS genes epoA, epoB, epoC,
epoD, epoE, and epoF in host cells of the invention that do not express epoK leads to
the Production of epothilones C and D as major products, which lack the C-12-C- -
13 epoxide of epothilones A and B, having instead a C-12-C-13 double bond, Thus,
epothilones C and D are converted to epothilones A and B by an epoxidase = -
-encoded by the epoK gene. Epothilones A and B may be converted to epothitones E
and F by a hydroxylase gene, which may be encoded by a gene associated with the
'epothilone PKS gene cluster or by another gene endogenous to Sorangium
cellulosum. Alternatively, these compounds may be formed by the loading module
binding a starter unit other than malonyl CoA (such as hydroxymalony! CoA).
- Thus, one can produce an epothilone or epothilone derivative modified as desired

in a host cell by providing that host cell with one or more recombinant
41



modul e 4 appears not to proceed beyond the ketoreducti on 28fO¢thiecrl2604- ket o
formed after the condensation directed by extender nodule 4. As shown )
herein, the epothil one PKS genes alone are sufficient to confer the
ability WOMBe epothilones C and D to the host cells BETUSOLAFIBNti on.
The heterol ogous 39 28 Oct ober 2004 WD 01/ 83800 PCT/ US01/ 13793 production
of epothilones C and D denonstrates that there nust be a dehydratase
function that introduces the double bond. Based on heterol ogous expression
of the epudificativreeRi§ing ganes pruvitbd bpthe intentiorook oy dtibyired 4 Gostcell

epot hi | one PKS genes, the dehydration reaction that fornms this double bond
i s bel i ethat nagayablyreqirasses (BydoasmotpMpmsehthe wdificasioneenzysae ind foobyt he

epot hil one PKS and the generation of a conjugated di ene precursor prior to -
reduct i o "B &Eﬁeﬁ ﬁﬁb?rthﬁﬂlﬂ‘%logyl%?%@] Ext ender nodules 5 and 6 each -
have the full set of reduction domains (KR, DH and ER) to yield the

nmet hyl ene functions at CG11 and G 9. Extender nodules 7 and 9 have KR

domai ns [15}i Thds}the preckRiventiin frovidesa Wdedadiebx beRdSmBIAGH BNBadOeSs

not have a unctionglh KR domai n, consistent with tHe presence of the keto
group at ca@mporxtls andrhasb dellsfog eaprassingtheinasuzallystdoyirting repohitses( AN,
domain that results in the resetnc of the gem nal dinethyl function at
Ca Bxt Snaud Ihged derlyatives Biceota LA rpestiorbalo pommides epeombinant hasbs. -
pol yketi i liyzes,.rin losyre. [141] Th nes, _ _
pr ot ei nsgalﬁn%‘épégg&%%agpg)g@‘%ezd%?v tﬁ‘éesé%Sﬁ#chﬁ‘eaMémgﬁﬁﬁhri zed in the
fol | ow ngpddiiced E aHPEBVS &ﬁ% I¥ LRt g&imﬁ] ' poALoadKS
mMAT ER A% e oBE oBlNRPg:/I ]éon gnays'rgiié%n, ﬁiél%g)?g? C |z§({l%2‘?é%vf:%y gtion,
t hi ol at i invenFioR candeEpeE2iedrto Thd cBhelfrARgepotil GRSE R ESdeVatitR ACP,. KS
mAT KR ACP; KS

accordance with the methods described in PCT Pat. Pub. No. 00/039276,

incorporated herein by reference. -

[146] The present invention also provides a wide variety of recombinant DNA
compounds and host cells that make epothilone derivatives. As used herein, the
phrase epothilone derivative refers to a compound that is produced by a
recombinant epothilone PKS in which at least one domain has been inserted or in
which a domain has either been rendered inactive by deletion or mutation,

-mutated to alter its catalytic function, or replaced by a domain with a different
function. In any event, the epothilone derivative PKS so produced functions to
produce a compound that differs in structure from a naturally occurring
epothilone selected from the group consisﬁng of epothilones A, B, C, D, E, andF. -
To faciliate a better understanding of the recombinant DNA compounds and host
cells provided by the invention, a detailed discussion of the loading module and
each of the modules of the epothilone PKS, as well as novel recombinant

derivatives thereof, is provided below.

[147] The loading module of the epothilone PKS includes an “inactive” KS |
domain, designated KSY, that, due to the presence of a tyrosine (Y) residue in place

of the cysteine residue found in “active” KS domains, is unable to perform the
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. MAT DH ER KR ACP; KS nmAT DH ER KR ACP e of EpoE7- 8KS mMAR&KBctARE: 2066 mmAT
MI DH* KR* A aFEpoF9KS mAT KR DH* ER* ACP TE NRPS - non--ribosonal peptide

synt hetase; KS - ketosynthase; mAT - mal onyl CoA specifying

_acyl t ransfeP AU AT T net hyl mal onyl CoA speci fying acyl t PERISEHE¥a3 DH -

dehydrat ase; ER - enoyl reductase; KR - ketoreductase; M --

nmet hyl transferase; TE thioesterase; * - inactive domain. [142] 'lnspection

(()}‘ O;Eien;e%ﬁaage has rtreg‘\_éig;(ed itrggiw%gﬁl coupl [ ng bet we ggﬂgngﬁgggg;poB
Cc 2 D. Vi
bet \%eg:] epoD an epoé@ggggéﬁkﬁgé@%gy %@B@%%ﬁ&&ﬂm@%%oggﬁe Seen

found bet Wg& @,E?;ﬁ[yg 1dtibSh ons
may contain pronoters. [143] Thus, the epot hi one P d|s a %@1&6% el'h

conpl ex c@@mﬁdhebcmheemgzeq@tememh&h& clledkSedomainf dhe BSPGontRAE €POE,
and epoF genes. To_confer the ability to produce epothilones to a host

cel |, onefpk@Hynsid mthmha%@qn shavn £¢ be m@blﬁ)ﬁm[asmform sondengiBn o C,

D, E o t Ly oth
Gones, Sy EnEE o TRsgnBidq Txise a8 BreT O 1RO 56 WERPWER S, 71 of
kil l d PKS
oKL LT BB M "f‘?% %65;121‘6%%“%5 Pid en'{r%rﬁ*%%“? ShTby RRreRs aTkaST, ¢

typi cal | y domdihinsapbe ntorle8ficbmsat &@&Hﬁaoxﬁﬂ@ﬁ&@&zﬁﬁgmﬁﬁﬁﬁﬂ% We PKS .(a
PKS that differs froma naturally occurring PKS by deletion”or nutation)"

or hybrid I%C@eﬂ@ thkdSY demaimipohe ¢:pothibad PKstnh atiBR dbfriaeh emdy PKS
enzynes) by alte .Qne or_nor genes that encode one or nore of "the

mil tiple PROF lengyhefenathilong bigsgathesis mlsw]le hpat q@blgtorm@er -
di fi cat | le,ste di at ed
by mul ¢ pF %%2?%@#%@%&5@@%@ TP Rb RS ety By Frauehis weodgn or

rerggucf | cat if@in angIoERe o BRASHIANcRior, RS BSR4 ANEXEEPIOE BofP This SROB

also be accomplished by replacing the KSY domain with a KSQ domain of another
PKS, such as the oleandolide PKS or the narbonolide PKS (see the references cited
in the Table above in connection with the oleandomycin, narbomyecin, and
picromycin PKS and modification enzymes).
[148] The epothilone loading module also contains an AT domain specific for
malonyl CoA (which is believed to be decarboxylated by the KSY domain to yield
an acetyl group), and an ACP domain. The present invention provides
recombinant epothilone derivative loading modules or their encoding DNA
sequences in which the malonyl specific AT domain or its encoding sequence has
been changed to another specificity, such as methylmalonyl CoA, ethylmalonyl
CoA, and 2-hydroxymalonyl CoA. When expressed with the other proteins of the
epothilone PXS, such loading modules lead to the production of epothilones in
which the methyl substituent of the thiazole ring of epothilone is replaced with,
respectively, ethyl, propyl, and hydoxymethyl. The present invention provides
recombinant PKS enzymes comprising such loading modules and host cells for
producing such enzymes and the polyketides produced thereby. When the AT
domain is changed to specify 2-hydroxymalonyl CoA, the correspoding epothilone
43 '




.epoD, epoE, and epoF in host cells of the invention that2gloctapér opr ess
epoK |l eads to the production of epothilones C and D as nmjor products, ,
which | a gpg__ﬁs& 12-C 13 epoxide of epothilones A and B, _havi ng i nstead a
C12-C1 ubl'e bond. Thus, epothilones C and D are conF&H(E§T4y93 o
epot hil ones A and B by an epoxi dase, encoded by the epoK gene. Epothil ones
A and B nay be converted to epothilones E and F by a hydroxyl ase gene,

whi ch na : ' Hth th eppt hi<l 9ne PKS gene
dust er O?I%;‘dano{ Eer gheiﬁgoenggeﬁgﬁéﬁ%ge %%ﬁﬁve%&&fﬁ%m :
Al t er nat kp@dific {6 Bh dEGERAL 1 TR RA1resdTeth £ ;2&&&%91 % bi ndi ng
a starteryunit ot her? t han rra@?lgnyl "CoA (such as}ﬁﬁl roxymaﬂ(}%y kgl Thus,
one can groupetitercapespondimeloarationdh lthe Fbkyk&'fde\»jﬁbﬁweedmﬂb hiyeidoRpl desired
in a host cell by providing that host cell with one or nore reconbi nant 41

28 Qct ob&FOUP AN gherd tepipideonetwry o iy polyketide modificgéors

I ded _b he d ' b 1L zi h | | |
o esseSHEBRER el FBy S prteuater fted S ndertion b ke BRSHp the”
>t . 7
P:\\%Int : gga?)rovi de'segh%vl e vaf Féeétagéibi -P%cogﬁ%n%ﬁhyggﬁ%gﬂ%gﬁagsﬁggt

cel I s f opevific A5 ogaihherh sindilhdly 96fevs £6 polyRRaHBE bANETced byPhat PRs and D
and deri vgtives t hereof. The inven¥i on al sg g‘rkgvi deg reconbi)ﬁg‘rﬁt host

cel | s t hthathayeeiibes pdytirbeylommethatl gesupadilié estréspomding twntonihlthe to.
epot hil ones E and F. Moreover, any epothilone or epothilone derivative of

t he ianﬁfﬁlﬁ’ﬁ%@an be converted to the correspondi ng epothilone E or F
derivative in accordance with the nmethods described in PCT Pat. Pub. No.
00/ 039276, incorporated herein by reference. 11461 The present invention

al so proyjsdes ' j : i cells
LB Theedamgant gt s GRmAGENY o SRR IR R 0

t hat nake epothil one | one
deri vat i WhileithisER domain mmubelirttalted $n foeoitgashdof thef@ABI®bLBAAS in the
epothilong PKS in which at |east one donmain has been inserted or in which
a domai ntazoleimeiety Brepothilone (idthereverseoftits mpimalireaction) il nady banon-

functional. In either event, the invention provides recombinant DNA compournds

that encode the epothilone PKS loading module with and without the ER region, -

as well as hybrid loading modules that contain an ER domain from another PKS :

(either active or inactive, with or without accompanying KR and DH domains)in

place of the ER domain of the epothilone loading module. The present invention

also provides recombinant PKS enzymes comprising such loading modules and -

host cells for producing such enzymes and the polyketides produced thereby.

[150] The loading module of the epothilone PKS can also be replaced with a -
loading module from a heterologous PKS to form a hybrid PKS that makes an
epothilone derivative. In one embodiment, the loading module of the epothilone -
PKS is replaced with a NRPS, as described in the examples below.

[151] The loading module of the epothilone PKS is followed by the first extender
module of the PKS, which is an extender NRPS module specific for cysteine. This
NRPS module is naturally expressed as a discrete protein, the product of the epoB
gene. In one embodiment, a portion of the NRPS module coding sequence is
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mitated to alter its catalytic function, or replaced by a2&Onwber 2004h a
“different function. In any event, the epothilone derivative PKS so
produced functions to produce a conpound that differs in structure froma
‘_natural |y W@OHFIBg epothil one selected fromthe group coRETRAISPYiLF7eX
epothilones A, B, C D, E, and F. To faciliate a better understandi ng of
t he reconbi nant DNA conpounds and host cells provided by the invention, a
det ai | ed di scussi on of the |oading nodul e and each of the nodul es of the
epot hi | onetiiggd insonpiriction with el hetexbogousarddingl sequesice Viasthidwnbodimérg,
provi ded bel ow. !_147] The | gadi ng nodul e of the epothilaone PKS includes an
"inact i ve'thREv PF,OVE)‘S%‘% gqra&@mmgthmg the specificityeof fhe MR mwidwde

e e P Eab@BreRatl A5 Riod % A RS SIAES Hhaldy™t v 1

PCT/ USO1/ Gonsle h Jate s ' aFgg%gﬁl i R The KSY -
‘domai n do;agz%gﬂy OE?%%) e d‘g%gg%ggy | Eﬁgeaggwgﬁ&n%g?}a?gg%{ﬁgm&mi ns.
Such "i naepiottlon¢PKs NiRPS sncihie todiig dequehb@rhaiéDeenz¥pRsed byYRbiy With a -
glutanii_ne (Q residue in place of the active site cysteine,; and are

cal | ed KSoodomgmforan NRESrsodulsrefiandifferentspecifigityy aci d synt hase has been
shown to be unable to perform condensation but exhibits a 2 order '
magni t ude i ncrease in decarboxylation. See Wtkowski et at., 7 Sep. 1999,

nont : _decarbo; X f |
donei e 1t p ks e POQRBhERE IR0 SRR PRESITENRRE S, (e,
repl acenemfio@iilelib Eh&pedREB Hydeéink 16 seRAL Bl HaREnAESWHd R tﬁggtn{ggieip g My

i ncrease the efficiency of epothilone biosynthesis in sone
under  celNBPS maedulaisexpredsad with thehithercamotéias of dergpdthilete PESeihe by -

changing the codon froma tyrosine to -a glutam ne codon, as described in
Exanpl e 6re¢nbipantBKS prgdluces apepathilonedarivative ingvhigh the thiszolaeneisly

domai n i t domain of -anot her . PKS, .such as the ol eandolide PKS
the-nar bofbFPABTRES (OEal <PooiRad i) dihefh A8 RABPE SRibve in
connecti o %%Z%%a%@le?ﬁm%ﬂ?ﬁ,%ﬁé&ﬁvd‘ﬁrﬁﬂﬂ,’ﬁ{ B 1A R B RnE iRe2"d

nodi fi cation enzynes).
present nvention provides host cells, vectors, and recombinant epothilone PKS

" enzymes in which the NRPS domain has been altered by replacement of the
adenylation domain of the epothilone NRPS with the adenylation domain of the .
NRPS encoded by the entF gene (for serine). In another illustrative embodiment,
the present invention provides host cells, vectors, and recombinant epothilone PKS
enzymes in which the NRPS domain has been altered by replacement of the
adenylation domain of the epothilone NRPS with the adenylation domain of the
NRPS encoded by the vibF gene (for threonine). In one embodiment, these NRPS
replacements are made in an epothilone PKS that also contains ah extender - 'A
module 2 that binds malonyl CoA instead of methylmalonyl CoA to produce the.

16-desmethyl derivatives of the oxazole and methyloxazole epothilone derivatives.

[153] Alternatively, the present invention provides recombinant PKS enzymes
composed of the products of the epoA, epoC, epoD, epoE, and epoF genes (or
modified versions thereof) without an NRPS module or with an NRPS module
from a heterologous PKS. The heterologous NRPS module can be expressed as a

discrete protein or as a fusion protein with either the epoA or epoC geneé. In
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[ 1481 The epot hil one | oadi ng nodul e al so contai ns an AT dz8@ctebeioufic for
mal onyl CoA (which is believed to be decarboxylated by the KSY domain to * -
yield an_acetyl group), and an ACP domai n. The present invention provides

r econbi na‘Hp"é@%ﬁf’P\i | one derivative |oading modul es or thei PCIEOSIBYIDNA
sequences in which the malonyl specific AT domain or its encodi ng sequence
has been changed to anot her specificity, such as nethyl mal onyl CoA,

et hyl mal on . CoA, an - hyd ma| onyl . CoA. Wen expressed with the other
prot ei ns IS%HE‘FH@ Q‘ﬁ)’é\"%ﬂ%%ﬂéa h%é?/w?h@mﬂ&%rdﬁﬁ@aﬁbamrtaéﬁdomsmmm _
ducti ' iR which th t hyl bstit t of t t hi azol e
Fing of oniattRelitbRBa R Bk hqhentes SRmAmiRigR ot ffrrwhestilizecang
hydoxyrrem&uvcﬁpﬁbmssm%om.&z@%é&@oﬁéte&iﬂé?ﬁp BySfepdiihpant PKS enzymes
conpri sing such | oadi ng ‘nodul es an ost cells™“f'or ~ produci ng such enzynes
and the pol yketi des produced thereby. Wien the AT domain is changed to
specify Z-Qédroxynalonyl CoA, the correspoding epothilone 43 28 Cctober
2004 WO $4943dpenptrrgothodisreg, thednventiampivedes recombinanteppbilonkone E

d F derjyatives. An AT doni ific for 2-hyd | onyl CoA wi |l
resul 1 RSP ARG SHLCUTESPARipBFesgTomgnt N cofmeoreds expsneerRm ocat | or
inth KRt : . ted, to yi
2 et howy ot it RITPRIEER: nicech Pl resd Sl ARG IE N S g ' ©
r ef.er enc gfrokiiheshd the@TIAG bbgiere’ Mhérefork 'ﬁré@ﬁie%rﬁz i iRl ThEuAROY e,

Consequently, reference to a"PKS that has™a 2-h oxym al ony specific AT
donai n héheseinsihichahe PGRdemsin has bedrywiioligen irtidllgeléldiid idhdthddse t hat
have either a hydroxyl or mnethoxyl group at the corresponding |ocation in

the pol yRR4ered inacting byrehanging itheyackin site seriner{ghegite forl one PKS al so
conprise R d AR i{g,.this ER.domai,n be ipvolved in formng
ontrarp of ti’é‘%ggﬁgﬁ’ag&g@}%@’lﬁﬁ\g{dé’ aﬁ%ﬁ’i‘%‘f“@%‘?‘é’t %%‘%%H‘HP rSﬁ&“Ei n the -
reverse ' BRdBhaing | ' - | -] n:either
Cvent .t PeChy RO Rhaln Mk Ben dolotblr BetNlse S A Mhcrine " FBEe  he
epot hi | oemHetniens oty thelbadéingiidiwledndithe DIPS RavEBeES deRied or -

rendered inactive. In any event, the resulting epothilone PKS can then function.

et

(Dl

only if provided a substrate that binds to the KS domain of extender module 2:(or a
subsequent module) of the epothilone PKS or a PKS for an epothilone derivative..
In a method provided by the invention, the thus modified celis are then fed
activated acylthioesters that are bound by preferably the second, but potentially
any subsequent, extender module and processed into novel epothilone derivatives.
The host cell is fed activated acylthioesters to produce novel epothiléne derivatives

 of the invention. The host celis expressing, or cell free extracts containing, the PKS .
can be fed or supplied with N-acylcysteamine thioesters (NACS) of novel
precursor molecules to prepare epothilone derivatives. See PCT Pub. Nos.
US99/03986 and 00/044717, both of which are incorporated herein by reference,
and Examples 9 and 10, below.

[155] The second (first non-NRPS) extender module of the epothilone PKS
includes a KS, an AT specific for methylmalonyl CoA, a DH, a KR, and an ACP.
The second extender module of the epothilone PKS is produced as a discrete

protein by the epoC gene. All or only a portion of the second extender module
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as well as hybrid |oading nodul es that contain an ER donmsd&O¢tobenZ8fiét her
"PKS (either active or inactive, with or without acconpanying KR and DH
domains) in place of the ER domain of the epothilone | oadi ng nodule. The
- present i WRAVEBA® al so provides reconbi nant PKS enzymes cR@pUsEigessuch

| oadi ng nodul es and host cells for producing such enzynes and the

pol yketi des produced thereby. [150] The | oadi ng nodul e of the epothilone
PKS can al sg_be replaced with a |oading nodule froma heterol ogous PKS to
form a hysPdinglequenes canchestilived bpearjithctinn withi ether PKS dading seqrdmeds eent |

desort bed T ALY BishyppdSICER bl ¥Ssiment o bfeniionemmades fomexamole | e
is f : ' . . PK j [
oxt ender FUDS FestReiae B ey BRARYGCo TREMAR L oilfp ot UOR. ot al 1y

expr essed edgylmalb I £, G 2h Hfbxg&ﬂﬁo PdyAtspRbificeTERAB '

enbodi nent ’,&Wa porr'?flon of the?NRP rmdﬁ?e codsipgg sequ’encgu}ig%%ﬁelég{é(ggber

2004 WO 0ot §3800betdy rapgading 376 DHior KR exlboth with]aiDEI oo R both thet er ol ogous
In_this enbodi nent, the invention provides, for exanple,

codi ng seqguencge. ] r

changi ng gﬂ@éﬁ%ﬂfﬁ%ﬁwst&e enmm%@rwe@hngmﬁb&hﬁmuws froma
tei ' id. Thi,s. ch ' l.Lished b tructin

) codi ng L8RREAE: BT e er OuRisTiRRRaE seudting OB f e BRSPS

nodul e cog eSSt @ﬂ?ﬁﬁﬂe ?H‘(%cgq% | for .+ NRPS
modul e of %@gﬁlﬁ? g?gﬂr%t spgg‘l\! | CI ty.&{fi?’aS onéeﬁ?%eeLPﬁgﬁg{)ﬁgeaneerﬁ?%@g?@%t ,
the speci tetivativgfortanetienqidlykeide. MRREnatfively] né are Harged: fmRLYat €i ne to
serine or threonine. Wen the thus nodified” NRPS nodul e 1 s expressed with
t he ot her Sgaodepviendsr mpdulgmfithe epathikie PKSwith 2 coniledrom bl Keteplogbiges -
an-epothiie:,%%e &gri vative in whjch the thiazole noiety  of eEc_)thi | one (or an.
epot hi | onb FePiich rarLhe pxpres fi5crgie pratem ex % 2 dusippmyptain fxssddoni et v,

respectiv tbfertﬂaléfcﬁoBBP ) %Lﬁyg{.(%ﬂ}étve enbodi ment, the present invention
ofs, an

provi des host cells, vec reconbi nant epot hilone PKS enzymes in .
whi ch the NRPS domai n has been altered by replacenent of the

{156] Tustrative recombinant PKS genes of the invention include those in which
the AT domain encoding sequences for the second extender moduile of the
epothilone PKS have been altered or replaced to change the AT domain encoded: -
thereby from a methylmalonyl specific AT to a malonyl specific AT. Such malonyl
specific AT domain encoding nucleic acids can be isolated, for example and
-without limitation, from the PKS genes encoding the narbonolide PKS, the

. -soraphen PKS, the rapamycin PKS (i.e., extender modules 2 and 12), and the FK-
520 PKS (i.e., extender modules 3, 7, and 8). When such a hybrid second extender
‘module is coexpressed with the other proteins constituting the epothilone PKS, the
resulting epothilone derivative produced is a 16-desmethyl epothilone. In one
embodiment, the hybrid PKS also contains a methylmalonyl CoA specific AT
domain in extender module 4 and is epressed in a host cell lacking a functional .
epoK gene such that the compound produced is 16-desmethyl epothilone D. In
another embodiment, the hybrid PKS also contains an altered NRPS that is specific
for threonine, leading to the production of the 5-methyloxazole-16-
desmethylepothilones.
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adenyl ati on dommin of the epothilone NRPS with the adenyl?8tQ@upbaidhtd n of
t he- NRPS encoded by the entF gene (for serine). In another illustrative
enbodi nment t he present invention provides host cells, vectors, and

r econbi ndYP OBPhi | one PKS enzymes in which the NRPS dorBCWUSAK1HERN
altered by replacenment of the adenylation domain of the epothilone NRPS
with the adenyl ation domain of the NRPS encoded by the vi bF gene (for

t hreonin I ..enbodi - e. NRP e cenmgnt s ;are. nmade in an
epot hi onL1ks T AR et Bk GRS id BN E8RBRTRRR SR el Ricddiaony
CoA i nst : spK%_;Iﬁ HeEe = erivatives
of the ogg‘g%lﬁ%mgﬁg%ﬁ?ﬁgxazol e ep%%)%??one (%jlgﬁp\?gt%s. i153i 3 ' .
Al t er nat ipreteyns inhehjphabe S donairt bdthepeound €or sideqhentekidilder angdules
conposed of the products of the epoA, epoC, epoD, epoE, and epoF genes (or

modi f i edhesbeewinactivatastsy deletedoes descriReSnibuanpleds balovh Inm pRESTeddUl €
from a hetero).ogous, PKS. The. het er ol ogo, S, modul e . can be expressed as a ™
di screte® ehﬂfﬁ?%ﬂ&%\ﬁ@%%}ﬁﬁ@ﬂﬁ?@%ﬁéﬁﬁmém&n&% coden for ﬁFpoC genes.
In 45 28 / ; | aGi dule of a
PRS i ¢ h oS5 Al cyspihe il S Rl e LA i SRy ™ :
| nt er Noddleagdéribd WSS veSRM RO NFP SR i, Thé aediia r&d%%ﬁ?e&%ﬁlbﬁ@@l(s See
PCT Pub. No. 00/ 047724, mcorporated herein by reference.” [ 154] |In anot her
enbodi meehzymles arewnable do producalas epethilvinermardp odhibire detdeativédmleszynes and

correspondi ng reconbi nant DNA conpounds and vectors_ in which the NRPS
nodul e h&sppBedaipractsson thag can bed S IRBAiNiBE demmaissns and -

nd egende
R R R R B g LR T L DR AL i D
o od . . . . . . oot .
oanhon i BEleribRd I IEARINT, bByA AlohaBbly, §e LA SHRIT prbvid@such, |

adeny| at ippeciteomitos: hesteeh ekt dlphredses ofity BiehpoDi, soE; ahdepstgémact i ve. In .
one enbodi ment, both the | oadi ng nodul eyanrc}?t hegrﬁl’RPS hg\p/e %een del eted or
rendered inactive. In any event, the resulting epothilone PKS can then

FUNCLTON158] The third extender module of the epothilone PKS includes a KS, an AT -

specific for malonyl CoA, a KR, and an ACP. The third extender module of the
epothilone PKS is expressed as a protein, the product of the epoD gene, which also
contains modules 4, 5, and 6. To make a recombinant epothilone PKS that
produces an epothilone derivative due to an alteration in any of extender modules
3 through 6, one typically expresses a protein comprising all four extender
modules. In one embodiment, all or a portion of the third extender module coding
sequence is utilized in conjunction with other PKS coding sequences to create a“
hybrid module. In this embodiment, the invention provides, for example, either
replacing the malonyl CoA specific AT with a methylmalonyl CoA, ethylmalonyl
CoA, or 2-hydroxymalonyl CoA specific AT; deleting the KR; replacing the KR
with a KR that specifies a different stereochemistry; and/or insertinga DH or a
DH and an ER. The resulting heterologous third extender module coding sequence
.can be utilized in conjunction with a coding sequence for a PKS that synthesizes

epothilone, an epothilone derivative, or another polyketide.



only if provided a substrate that binds to the KS domai n @fogytgndes nodul e
- 2:(or a subsequent nodul e) of the epothilone PKS or a PKS?or an

epot hil one derivative. |In a nmethod provided by the invention, the thus
- nodi fied B eg83800e then fed' . activated acylthioesters tHMEUMA3™Sund by
"preferably the second, but potentially any subsequent, extender nodul e and
processed i nto novel epothilone derivatives. The host cell is fed
activated ac]v1l t hi oesters to, produce novel epothilone derivatives of _ the

i nvent i on[15% eﬂh@ﬁamf@lrr@lgkﬂ%ﬁ§ﬁﬁggﬂf?ﬁoééh¢woﬁﬂﬂﬁlgéﬁ enhickg, the
PKS i ' N -eani ' NACS) of
novel Cagrm‘g&%@%&%@%ﬁa@éﬁ%gﬁfﬁ% e&%"ﬁh&?ﬁ%é@ ee ?DC(':I)' Pub.
Nos. us9 i ' ' by -
Forcnesdb ORI PG (RUORAR RO A Hpige SEXPRl RSl )

reference, w. 1155] e second (first non NRPS)

ext ender  fightbe e hhigalengl HrdAMeARKS a mathyinasortylisecisin AW Saphci fic for
‘met hyl mal onyl 'CoA, a DH, a. KR, and an ACP. The second extender nodul e of

t he elpot hme(bhjcimﬂ&&?bnﬁcm&’dicasai@ mggdirg rgu«lflpic@p‘@l&pamsbq iselatgsbdoyene. Al
i 46 28 2004 WD

8241 §3800° lemmplsT Wil Y b glro dae Ehy e enrocding DRSS GHE unct on it

t PKS ' ' ] i ,

Che'i nvenfhoRgb IS E SabdnyERaRS BAWBRC I BRS Widh SlbpriRE0) T00)

CoA speci {ith Ak réhidindhgmbands &ﬂ“ﬁrot%@)blfﬂﬁ@é o RKPbr 21 pysthawuanl -onyl
CoA specific AT; deleting either the DH or KR or both; replacing the DH or

KR or bot RKS ddrivaatid, the #Ronbitmitt PK$ prodisqes thé il €snethyl]l épathdnhe .
stereochen2i stry; and/or inserting an ER The resulting heterol ogous
second exderitiativemefithe imventi®n.sequence can be coexpressed with the ot her
proteins that constitute a PKS that synthesizes epothilone, an epothilone ,
derivative, or another polyketide. Alternatively, one can delete or replace

the Secog%gxgﬁggé%ggﬁ%%@%%emﬁeeg@ghm%M%Mwe% fhifd om a

het er ol og can expres as a discrete protein or as a

fusi on prekendef Hemtlilt of tie PREIs tdipoapibk for fenngthechyairosdybgroup
involved in cyclization of epothilone. Consequently, abolishing the KR domain of

the third extender module or adding a DH or DH and ER domains will interfere
with the cyclization, leading either to a linear molecule or to a molecule cyclized at
a different location than epothilones A, B, C, D, E, and F. '

[161] The fourth extender module of the epothilone PKS includes aKS, an AT that
can bind either malonyl CoA or methyimalonyl CoA, a KR, and an ACP. In one
embodiment, all or a portion of the fourth extender module coding sequence is
utilized in conjunction with other PKS coding sequences to create a hybrid
module. In this embodiment, the invention provides, for example, either replacing
the malonyl CoA and methylmalonyl specific AT with a malonyl CoA,
methylmalonyl CoA, ethylmalonyl CoA, or 2-hydroxymalonyl CoA specific AT;
deleting the KR; and/ or replacing the KR, including, optionally, to specify a

- different stereochemistry; and/or inserting a DH or a DH and ER. The resulting

- heterologous fourth extender module coding sequence is incorporated into a

| protein subunit of a recombinant PKS that synthesizes epothilone, an epothilone

derivative, or another polyketide. Alternatively, the invention provides
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[156] Illustrative reconbinant PKS genes of the invention§ @etobete?00khose in
whi ch the AT domai n encodi ng sequences for the second extender nodule of
the epothilone PKS have been altered or replaced to change the AT domain
encoded- WOOKEBRby from a net hyl mal onyl specific AT to a BEXBIQVIFPRCific
AT. Such mal onyl specific AT domain encodi ng nucleic acids can be

I sol ated, for exanple and wthout limtation, fromthe PKS genes encodi ng
t he nar bonol ig_e Pl\/&)g%e sor%phen S, the rapanycin PKS (i.e., extender
modul es FeCATRDHANt TEENGSROT 5pY e¢ and epoghiteniriderivafingsds vehich thand

other pr P REO N SR RORENERATRRH R b la b PR B Homn | one

derivatimguEbRQKEQQqﬁ§ a 16-desnet hyl epothilone. In one. enbodinent, the
hybrid PKS al sO contai ns a nethyl mal onyl CoA specific AT domain in
extender nodule 4 and is epressed in a host cell lacking a functional epoK

gene such that the conpound produced is 16-desnethyl epothilone D. In
anot her éHiZddilnemrefaried embedimenisthe iyeobengmoyides ratorobathnkRISA hat i s
specific _for threonine, |eading to the production of the

5- et hy| SSPRAUERABSOMPIIHRE ¢ exdingisegrence (o7 the fauth sxtensisy maghle of ¢heoo

PCTI US01/ ¥4 : et i ' ravijde C nds and
vectors g#?o |r{{ge regg%?ggh{’E@%%%ﬁé%&@#z%@%%ﬁ%% di ng
reconbi naidlonpl ObAI (0F that BMAS a1y 1KSo A Wl HotGhelhAmd f&gﬂ pgépsequent)
ext ender rmdu?e ha(?ﬁbeen inactié\}ged or del et eg, as de C?:I‘ dhlﬁghéxarrpl e
9, bel owembodimentfthis dunge ihsplécificity id duiconipimbied gt nvtaticn ef tegydiaged by
changi ng t he cogon for th active site cysteine to an al ani ne codon.” As

with t heSegrensgpenthegrtonderanedulet Ady domain Surh rutationecani®s modul'e, t he

cpor i 1 oAe BB FngRBR iR e EatE el FraliFR U bl eBvaier can
b oourospESEREE { ele HAR L
Exanpl e &6corhplishied By replacingdl o a porttorcolihé edtemler RbEMIIL ATUESmain .
coding sequence with coding sequences for a heterologous AT domain. Thus, the
invention provides recombinant DNA compounds and expression vectors and the
corresponding recombinant PKS in which the hybrid fourth extender module with
a methylmalonyl specific AT has been incorporated. The methylmalonyl specific
AT coding sequence can originate, for example and without limitation, from -
coding sequences for the oleandolide PKS, DEBS, the narbonolide PKS, the
rapamycin PKS, or any other PKS that comprises a methylmalonyl specific AT

domain.

-[163] In accordance with the invention, the hybrid fourth extender module
expressed from this coding sequence can be incorporated into the epothilone PKS
(or the PKS for an epothilone derivative), typically as a derivative epoD gene
product that comprises the modified fourth extender module as well as extender
modules 3, 5, and 6, any one or more of which can optionally be in derivative form,
of the epothilone PKS. The recombinant methylmalonyl specific epothilone fourth
extender modute coding sequences provided by the invention thus provide

alternative methods for producing desired epothilone compounds in host cells. In
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precursors to a host cell that expresses only the epoD, e3dBstober@06poF
"genes. [158] The third extender nodul e of the epothilone PKS includes a KS,
an AT specific for malonyl CoA, a KR and an ACP. The third extender

* modul e of WRELSIEHot hil one PKS is expressed as a protein, tRET/ESHALIZY of t he
epoD gene, which also contains nodules 4, 5, and 6. To nake a reconbi nant

epothilone PKS that - - produces an epothilone derivative due to an
alteration in any of extender nodules 3 thro h 6, one typically expresses
a prot ei npadigars sach emmpfouuds (mﬂehmw 3, angl By dgirpdnctiombf or

a portion of .the r.d exten codj n uence |s utilized in

conj unct i &R W‘]?W Eﬂ’FéPg BeE ﬁﬁ‘ gﬁﬁﬁ’f@e}@”‘%& ngg‘ﬁ’f’ gene FpEesent f¥dul e. I n
this enbo vention prOV|des for exanpl e, elther replaci ng the
mal onyl 9 s%ielc?s;@%r% with a methyl mal onyl CoA, ethyhnal onyl CoA, or

2- hydroxymal onyl CoA specific AT, deleting the KR replacing the KR with a
KR that specifies a different stereochem stry; and/or inserting a DH or a
DH and an[HR] The imesuidri aigo pe¢eides ogonsbinant DNeX cermpourdsthdneprisich

sequence o gan be uti I ized in conjunction with _a coding se uence or a PKS

th?t ksynéI quenss: fer the fourgh, exfepear meskule of thegnrathilope P o ied to

28 04 MO 380 379 5
Egcﬁnﬁf | Sfneg -&é@aﬁﬁmﬁwﬂ%ﬂ% BPh PRI R ﬁlheeﬂg ”riif; ?t Ve
PKS LQVE”E’E%"?%“%?%?’ it DA bOfpolindd o8 RRAGS sl tobtesbbfidi -OE her oby

from a makerorhbispREPKSGn Mutl@tl&srl‘!ybbm foudrgnystieadecinddilhas beeh

met hyl mal onyl specific AT donmin encoding nucleic acids can be isolated,
for exanpeorpovated intow devivativeigpol? geneqrodnet. Wisey énmes peratediimiyp thEBS, t he

Wt the FERGRARERE B PRSioR ABIeEPRELEAE SRS RISHRERS o an

cpot hi | ongee ALk 8Fe PIIEROR L AARORECO RIS R sl SARERH b .

ks 15 1 eﬁpﬁﬁ?.“’é‘?? i ﬁﬂ%@%&% ot ey e pica  of L he
[165] ' In another embodiment, the present invention provides recombinant host
cells for producing 12-desmethyl-12-ethyl-epothilone D. In this embodiment, the -
present invention provides a host cell that expresses a recombinant epothilone PKS
derivative in which the AT domain of extender module 4 has been replaced by an
ethylmalonyi CoA-specific extender module from, for example, the FK520 or
niddamycin PKS enzymes. In one embodiment, the host cell is a recombinant host -
cell that expresses crotonyl CoA reductase encoded by a gene (a ccr gene) from a
heterologous host cell or under the control of a heterologous promoter to enhance
the production of ethylmalonyl CoA. In one embodiment, the host cell isa
Myxococcus host cell that expresses a ccr gene isolated from a Streptomyces host cell:
In another embodiment, the host cell has been modified to express or overexpress
the E. eoli atoA, D, and E genes that transport butyrate and convert it to butyry!

- CoA, which is converted to ethylmalonyl CoA.

{166] In addition to the replacement of the endogenous AT coding sequence with

a coding sequence for an AT specific for methylmatonyl Co A, one can also replace
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i nvol ved in cyclization of epothilone. Consequently, abol38Bétabert2084 KR
domain of the third extender nodule or adding a DH or DH and ER donai ns
will interfere with the cyclization, leading either to a |linear nolecule
or to a MO YAPY cyclized at a different |ocation than eB6TAISPHKES A B,
C, D E and F. [161] The fourth extender nodule of the epothil one PKS.

I ncl udes a KS, an AT that can bind either mal onyl CoA or nethyl mal onyl

ot ender he R adam eoind sfliencEF Ut Foding BauefletoRAnbHER KR 4 DB #at P
codi Ng SRGUERGRSFo Ry §nd v{;msﬁ- HoR, F{dauﬁ@ h§ tog ??@n%%d{%ﬁ@a%%

I nventi on ptovides, tor exanple, either replacing

met hy| mapesdulesp e€ biof ehAFKWS20PES) ok @ PH, &3 andBR N lofe |rgplabe§ﬂé,1<1{ for
et hyl mal onyl CoA, or 2 hydroxymal onyl CoA specific AT, el eting the KR,
and/ or r apbther KR on@rm&, iars] & Hgndpo changesarenvadedn extender diokdude Bnt

et er of oS hereEn it ES inep e ecblngnt spdHine I ReetsPat ed i nt o a

D

Cpot i | oot sl vl B 8RO The PAT bR o SR TR e OBifes M ont i on

provi des£9nAfor{ 5t @Rar-120043 Waublé BeREn Bﬁﬁﬁﬁﬁ%@.ﬁi& U.%Bﬂ@t@ﬂﬁées%g‘

enzymes for epothilones and epothilone detivatives in which t entire
fourth ekiewdidra KBJIE, ambERecandiabehariges areaphde éal ekiendemaibidide 5r(em a
. heterol ogous PKS. [162] In a_preferred enbodi ment, the invention provides

r ecombi nalsewire i thentheriesombpinant epothitone BKSamodutes 12 He fourth
ext ender dul e of. the pot.hi.l ane PKS nodj.fi t 0, encode.an AT that binds
ot by o URAosHRtlaenst BRI otRecERlAtEs tha &R wthGe Rarirs KR SfA and not

thy! R _ ._ ¢8 HAFBHF A a
acconpl SRS "y Ruray iR KRy e R ookt bl BREGBHEER Hotu e 4

1

AT domai Bxo-3ugil2-detyairbapdthitolke Cagddppl i shed random y using a nutagenizing .

agent, such as WV light, or by site- specific nutagenesis. |In another
enbodi nment, this change in specificity is

[167] Thus, the present invention provides a recombinant epothilone PKS in
which the KR domain of extender moduie 4 has been rendered inactive by
mutation, deletion, or replacement with a non-functional KR domain from another
PKS. This recombinant PKS produces primarily 13-oxo0-11,12-dehydro epothilone-
B; the C-11-C-12 double bond observed in the compounds produced by this
organism is believed to originate due to migration of the double bond formed in
the nascent polyketide chain by the DH domain of extender module 5 prior to
reduction by the ER domain of that module. The present invention also provides
host cells that produce this novel polyketide. For example, Myxococcus xanthus
strain K122-56 (this strain was deposited in compliance with the Budapest Treaty
with the American Type Culture Collection, 10801 University Blvd. Manassas, VA
20110-2209 USA on November 21, 2000, and is available under accession No. PTA-
2714) contains epothilone PKS genes in which the KR domain of module 4 has
been rendered inactive by deletion and which produces 13-oxo epothilones A and
B and dehydro derivatives thereof (primarily 13-0x0-11,12-dehydro epothilone B).
The present invention also provides the novel epothilone derivatives produced by
this strain.
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_acconpl i shed by replacing all or a portion of the extendeld Guoidre084 AT
-domai n  codi ng sequence with codi ng sequences for a heterol ogous AT

dormai n. Thus, the invention provides reconbi nant DNA conpounds and

" expressi oNVY8BEBBWPL and-the correspondi ng reconbi nant PKS parmisboisivhe
hybrid fourth extender nodule with a nethyl mal onyl specific AT has been

I ncor porated. The nethyl mal onyl specific AT coding sequence can origi nate,
for exanple and without limtation, from coding sequences for the

ol eandol i de PKS, DEBS, the narbonolide PKS, the rapanycin PKS, or any

ot her PKS[1d8jt Thefiftt sasndenmivdylaval Bepoihtend PRSARCuABSRIKS, ah10Bknil .
accordance with the invention, the hybrid fourth extender nodule expressed

from t hi sbinsls mglosyd Geds @ PR ah&ER, poncan ACH dontdia. BpetdémnbodiRks, (or .
t he PKS for ﬁgoe ot hil pne derjivative), tytﬁi cally as a_derivative epoD gene
product t ARNGHTPLERT PHRPHSIAG » sedusnsethrtsncrios fhaiihiexiendananodale

ext ender [gﬂ.ﬁ . FAN0r e of I gh can.optiqpally be
in derivative For monéo K?% :eépiortt%ﬁﬁ{‘gyngm.coﬁ%mf% icﬂgmnst‘?gtcﬂ | onyl
speci fi ¢ _epidickofte theepbihiloIaSI8f 2 ¥BithBir@k bhBmhiks! gﬁ-@ L ded by
the invention thus prowpde al t er nat ?ve rret'hodlgb?gr pr% umﬁ%tg)ggwrlg%

epot hi | onen epofiilonesierivativet itahdther embodiRentet pheion2F e HRHOA83890 :
PCT/ US01/ 13793 particular, such compounds wi |l be epothilones D, B, and F,
with the e cogngsequenes Kiutdixedanisenjwictiopevidb mther Pk eotliery a - :

f ti K ' t derivati th .. [.164] Th
nvent | ot BRCPaRard AT rindHle sRAmE TsiitRaS 68 fht hibHg bl odi ng
' ddden d : | ' PKS npdi fi ed
encodo. an-ieodsEnefiy in 8 ERARARAL e BrtliarBRNER I Shmbimetna” ' °
i nvent i onreplacivg dies nidey oA gheEIHA LDIRELA %tﬁgﬁnéﬂ%ﬁgPC%A?@ﬁq}lﬁglon%da I
nder ul e

correspondi ng. reconbinant PKS in which this hybrid fourth exte
has been CPAcer gdwatrexyinalanyd Gigh spedific 4T delztigymnyponsueto, o¥éHrhree of

o P e o BRI ok 2aTactng A% omb fwo or ol thise of the MR, D,
and KR with either a KR, a DH and KR, or a KR, DH, and ER, including,
optionally, to specify a different stereochemistry. The resulting hybrid fifth
extender module coding sequence can be utilized in conjunction with a coding
sequence for a PKS that synthesizes epothilone, an epothilone derivative, or
another polyketide. Alternatively, the fifth extender module of the epothilone PKS
can be deleted or replaced in its entirety by a module of a heterologous PKS to.
produce a protein that in combination with the other proteins of the epothilone
PKS or derivatives thereof constitutes a PKS that produces an epothilone

_ derivative.

[169] Ilustrative recombinant PKS genes of the invention include recombinant
epoD gene derivatives in which the AT domain encoding sequences for the fifth
extender module of the epothilone PKS have been altered or replaced to change

the AT domain encoded thereby from a malonyl specific AT to a methylmalonyl
specific AT. Such methylmalonyl specific AT domain encoding nucleic acids can be
isolated, for example and without limitation, from the PKS genes encoding DEBS, |

the narbonolide PKS, the rapamycin PKS, and the FK-520 PKS. When such
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reconbi nant epot hil one PKS produces epothilones C, A an@8ctebdrt2004
production of epothilone A being dependent on whether a functional epoK
gene is present: [1651 In another enbodi nent, the present invention

provi des W@a@usdsphant host cells for producing PCT/US01/13793
12--desnet hyl - 12-et hyl -epothilone D. In this enbodi nent, the present

I nvention provides a host cell that expresses a reconbi nant epothil one PKS

an o ny FeRTDAPRREGRIL Gett APQV g B RIS CORRRITPEE] o 't:r@épgai@%f%orcﬁ%%ﬁﬁgzgy
i dd ' . . ' [ ¢ '
" econbi naf” AREY OF gk ¥ L AsPRBLER AR e T FaRbefdl hafefuca by a

gene (a_ pabdaeasheliDasibery] bBbARARy ickRBlives Herlh WiiShe! foftibag) Of 2

het er ol ogous pronoter to“enhance the production o In
one enbodpei2gene desivhtise previdedyathelfivention irtclides notedlytthdtalexed esses a
ccr gene isolated froma Streptonmyces host cell; In another enbodi nent, the -
host cel medaleSoding sequansetmtalgy wodulg 4 60ding@equences thet cardsan AfloA, D,

?gdcgngiﬁﬁ PR BR b g o e gC oA, j%r%ﬁc?oﬁﬁé’@tt’é’q%%ﬁ%@ﬁgh“?-i of
Speci 110 Tt POt SRR GRpRE R Al dipoR 0 Me RECHARERnS PorlBetll. 2004

VO 01/ 833ReivRETE Pe6itdidéads el odeabA o@qdilﬂg%g@ ggsﬂﬁmevn &hd F&ApNg .

sequences for another KR, a DH and KR (from f anpl e and wi t hout

limtati deyivatived.e 10 of the rapanycin PKS or nodul esl or 5 of the FK-520
PKS), or a DH, KR, and ER |If one replaces the KR for another KR or for a
KR and a DH, and no changes are made in extender nodule 5 (or elsewhere in

D becault OB HbRERR SR B hil] Gebe denRaSEe & RERYRIRRL on of |

the C 121&1&3&%&'1&»@&&3&&mbmbpﬂé%%@mggdi@ggp&%g&%@- the KR

with a KR, DH, and ER, , and no changes are ma e 5 (or
el sewher eegureriche f&iBE fifthh extehlder maaduld of tid epgbilbnt PRES R Freodiides - 12, 13-
di hydro-epothilones C and D. If one replaces the KRw th an inactive KR or
: replaced or mutated to provide: (i) no functional ER, DH, or KR domains; (ii) only

a functional KR domain; (iii) only functional KR and DH domains; or (iv)

functional ER, DH, or KR domains from another PKS. The discovery that the DIH.

domain of extender module 5 is responsible for the formation of the C-12-C-13
double bond in epothilones C and D provides a novel method of the invention for
Mmaking epothilones and epothilone derivatives in any organism, including
Sorangium cellulosum and recombinant host cells, that contain the epothilone PKS
genes. Moreover, it has now been discovered that the DH domain of extender -
module 6 can also act on the beta-carbonyl of the nascent polyketide bound to the
preceding module, which can be exploited in accordance with the methods of the

present invention to make novel epothilone derivatives.

[171] Thus, when all three extender module 5 KR, DH, and ER domains are
deleted or otherwise inactivated, the recombinant epothilone PKS produces the 13-
hydroxy-11-oxo analogs of epothilones A and B. When the DH and ER domains
are deleted or otherwise inactivated, the recombinant epothilone PKS produces the
13-hydroxy-10,11~-dehydro-epothilones, primarily 13-hydroxy-10,11-dehjdro-
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otherw se inactivates the KR, then the reconbi nant epot hi oduces
" 13- oxo0-11, 12-dehydro-epothilones C and D. [167] Thus, th%g)ggtggéé%GBQ

i nvention provides a reconbi nant epothilone PKS in which the KR domai n of
*extender MOYIB3I0has been rendered inactive by nutation, PAEUSHI/TAT3 OF

repl acenent with a non-functional KR domain from another PKS..This

reconbi nant PKS produces primarily 13-o0xo0-11, 12-dehydro epothil one- B; the
C-11--C 12 doubl e bond observed in the conpounds produced by this organism
is believéd one B Ahe prereat toventipnaalpo proxtidesbostoels thatqrodiioe thigd in t he

othil
nascent pol yketi ip by th domai n of extender dule 5 prior to .
reducti on e?ﬁgg%ﬁ%}é@nﬁ?%gwgwgpl%%% S&%’é;ﬂﬁgﬂ#@r@%ﬁﬁmwas
provi des o@: _ ' I i de. _Ear .ex | e,
Myxococcus an%tﬁﬁgﬁ %géér}g%%%%%gtt%'ﬁ? gps r%‘?&géﬁﬁgg%ﬂe&m?q%%ﬁ ance
w th the m%@@améeana tioM, 1080TEnAvveRsi 1 WISn4a4 ; 801
Uni versity Bl vd. I\/anassacs, VA 20110- 2%1 QILYSC}A on Noé%ybjgrﬁzal%b‘%;g%gf&%% S
avai | abl e Nevembex2b2000aribis avalabliinjer aoodsaionsNepPT AL2Z1MpchiiGirgenes i n

whi ch the KR donai f nodul e_4 h&; been rendered inactive by deletion and
whi ch proﬁ@é‘gSQ@ Zepst 1 viwdsthe Ry KiB and FRy dopanins akeitendénmeditdes e of

(pri mr | bR ke RO AER, PRI Bbaneo ) s SR eRe 15 et 1807 O
Cct ober 2QQ4 Mﬁﬁﬁyé%sleﬁg%%g@lstﬁaﬁo i&éé{h%ﬁ& dul e of

the epothilone PKS includes a KS, an AT t S hal o , an
ER a KR demivativedProdara by this seam. 3hedbiBnthe R IBMAIS HREUREY Gonpri si ng
a sequence that encodes the fifth extender nodule of the epothilone PKS is
i nserted iQthervaseipactyatash e reromhivapt ¢paibilone PKS produueniest 61 - t he

Gor i vat | VAT R=GABRINEE R RBOMTIRERE C ervhoh Brimeidl Whul-RPRYdrcapathliont. rodul o
5 ABEIfE LABBHTHRANE, - andbh bR Fdreespcehilene
o or eat o TRyt e Hoih A5 pha R BNk Bhelidh ookt bons BRE"OS

in which the ER domain of extender module 5 has been deleted or rendered:

inactive by mutation and which produces 10,11-dehydro-epothilone D. In another
embodiment, the present invention provides a Sorangium cellulosum host cell that
produces 10,11-dehydro-epothilone D due to a mutation in the coding sequence for
the ER domain of extender module 5 of the epothilone PKS. |

[172] These recombinant epoD gene derivatives of the invention are coexpressed
with the epoA, epoB, epoC, epoE, and epoF genes or with recombinant epo genes
containing other alterations (and can themselves contain additional alterations) to
produce a PKS that makes the corresponding epothilone derivatives. For example,
one recombinant epoD gene derivative provided by the invention also includes
module 4 coding sequences that encode an AT domain that binds only
methylmalonyl CoA. As noted above, functionally similar epoD genes for
producing the epothilone C-11 derivatives can also be made by inactivation of one, -
-two, or all three of the ER, DH, and KR domains of the epothilone fifth extender
module. Another mode for altering such domains in any module is by replacement
with the complete set of desired domains taken from another module of the same
or a heterologous PKS coding éequence. In this mannér, the natural architecture of
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encoded thereby. In this enbodi nent, the invention provi ddsQctbber 28Q4npl e,
either replacing the mal onyl CoA specific AT with a nethyl nnal onyl CoA,

et hyl mal ongl CoA, or 2-hydroxymal onyl CoA specific AT, deleting any one,
two, or NOOURBBE of the ER, DH, and KR and/or repl aci n§CAABOURIIBZt WO, or -
all three of the ERL, DH, and KRwith either a KR, a DH and KR, or a KR h
DH, and ER including, optionally, to specify a different stereochemistry.

The resul %hybri d fifth extender nodul e coding sequence can be utilized

i
in conj utke F&S icppservedaplsg, whenpassanti pR andiE enKR, B and ERdomains
epothilo n hi l.one. der i uaf i Qr ngt:her. pol yketide., . '
A ter nat 1525 RS WeeRafin? Bali€h Pt profRbi sl in e reroBikinant KG,
del et ed : b Pl j . t o.
o oduce AlubERLAERpIAGd ARSI e SERAH dheHeotriBed SbBIOBMRAE N
epot hi | orsanipl&sndwidkoudlihitution] theriaadtivediRiddmiiiesramke rapainyRiPEKSeS an
epot bi | one erivative. [159] Illustrative reconbi nant PKS genés of the

i nvent i oextensleydeodide SnbhaKRtdorepisrirgeribedapamycin/ BKSiextatvar modheleS; domai n
encodi ng s ences f the fifth extender nodqyl.e of the eppthil one PKS
nave. beorn dendgant s Gmans fpre i GParkHEn AR SisRenAce o 4 GERey T r om
a nal onyl | £ - t i f i U h t hyl mal,onyl
specific S_ﬁ'ﬁ gfgéncféillv% @fo%%@&&gfuﬁ%@%% & ?Q%ﬁb%é&fjéb?%%é}ﬁ?g W‘%&%ﬂﬂfe and
W t hout  Ichffibedbdlfted frbRiNfélEaRiSledRIeRtABAP R HIRDhe PKBYenBebhaihkde
PKS, the rapanycin PKS, and the FK 520 PKS. Wen such 53 Cct ober 2004 WO
01/ 83800 IPERS, iR hathidkdilerJICS randnhet FI6 pADPHEN Eacle of et regabting EKSoexpressed - .

with the epoA epoB, epoC _epoE, epoF, and/or epoK genes (or derivatives
t her eof ) engmespLoduagios palykatide spmpsuad that cambe ﬁ'@ig@t derivatizadén @ires or

he | nve D S eeReg P icRY & Bl p SR SraRs ot ebialbteee ol
al so nodwf%‘?irﬁ%iﬁ@,%ﬁsequences t hat encode an AT .dommin that binds only

met hyl mal‘ony en incorporated into a PKS with the epoA, epoB, epoC,
epoE, epoF, and/or epoK genes, the reconbi nant epoD gene :

[173] The sixth extender module of the epothilone PKS includes a KS, an AT that
binds methylmalonyl CoA, a DH, an ER, a KR, and an ACP. In one embodiment, a
portion of the sixth extender module coding sequence is utilized in conjunction -
with other PKS coding sequences to create a hybrid module. In this embodiment, -
the invention provides, for example, either replacing the methylmalonyl CoA

. specific AT with a malonyl CoA, ethylmalonyl CoA, or 2-hydroxymalonyl CoA
specific AT; deleting any one, two, or all three of the ER, DH, and KR; and/or
replacing any one, two, or all three of the ER, DH, and KR with eithera KR, aDH - .
and KR, or a KR, DH, and ER, including, optionally, to specify a different
stereochemistry. The resulting heterologous sixth extender module coding
sequence can be utilized in conjunction with a coding sequence for a protein

.subunit of a PKS that makes epothilone, an epothilone derivative, or another
polyketide. Alternatively, the sixth extender module of the epothilone PKS can be
deleted or replaced in its entirety by a module from a heterologous PKS to produce

a PPKS for an epothilone derivative.
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“derivative product |eads to the production of 10-methyl eoPeioben?808 and/ or
D derivatives. [170] OQher illustrative reconbi nant epoD gene derivatives
.of the invention include those in which one or nore of the ER, DH, and KR
" domai n enc¥BOHEBM equences for the fifth extender nodul e oPCTHSOKBGHI | one
PKS have been either, replaced or nutated to provide: (i) no functional
ER, DH, or KR domains; (ii) only a functional KR domain; (iii) only

functi onal d DH dommins, or (iv) functional ER  DH,  or KR donains

f rom anot Ipe}ra PRESUY efieg thﬁéaﬁg‘%rﬁ‘é %ﬁi‘e%mwfbm@éeeﬂ?@é@mmﬁﬂe 5is
responsi b Nsid | ~il2-Cl3 . daubl e nd_ i,n_epot hi | ones
C and D plrtﬁc;?/%g(ra%éa no@g@#gﬁbﬁe{)‘?&eﬁét&%%ﬁ%% m‘?fﬁﬁ?ﬁ’& ot hi | ones
“and epot hiepottalohePRShivEbedralftsd O $8PIaS 8 th ' mg,h

cel I ul osuniz3 and reconbi nant host cel Igl?lat hat cont ﬁgt%’g(argpot %%%E%KS

genes. Moikereby fran alasthytmalveyhspécifio Wt e triadénylnpeBii T IhaR kAN der

modul e 6 can gl so act on the beta-carbonyl of the nascent pol yketide “bound
to the pPRedhsAd enepelinginaglgiqreidkgambe iaplated froroy farexemyile hntihe

(s

met hods of, .j;:he resent .in fion to ke novel. epqt hilone derivatives.
[171] Thug“?hb&%g&%éﬁ?ﬁsh?ﬂiﬁéﬁﬁgﬁ%ﬁ‘&éﬁn Séﬂs Iﬁﬁ?mgﬁg&] Hhegapamysimr e |
deleted o y i ' i | | one PKS produces
the 13 nyarseyo S BRI WRC asotomBRat A relB R MG BRRRHERL and cr-
domai ns  anendiag eteldadiybeidheodules iswrkpyaked with thd @ﬁm*,a&ﬂforr@mg@'i | one
PKS produces the 13-hydroxy-10,11-dehydro-epotllones, prtmarily 13-hydroxy
10, 11- dehgemes, gie rgombindd K ommkeoiled 3-sesteBaRHdEl siedodvapaishiThane D.

The present .invention_also provides host cells that produce this novel

pol ykgt i qEecomfinantemgDege BEVELan %b%cg?@ewedmzhm@mbmam gpa aih no
hrer | can_ ErE delGattE YRt b BT ton PR e TR alield "Va |

20110- 2208rdbfre PKSEN SRSk, : ' ' I 5] QN No.
PTA-2711) p:(c:ont ains epot hi I%%egég%gﬁg{gﬂ}gn@\?ﬁ%%ﬁhgﬁg%m@%% F?%'

domai ns oForexampler oneedoenlfinant epoD gene provided by the invention also includes

module 4 coding sequences that encode an AT domain that binds only
‘methylmalonyl CoA. When incorporated into a PKS with the epoA, epoB, epoC,

- epoE, and epoF genes, the recombinant epoD gene product leads to the production
of the 8-desmethyl derivatives of epothilones B (if a functional epoK gene is
present) and D.

[175] Other illustrative recombinant epoD gene derivatives of the invention
include those in which the ER, DH, and KR domain encoding sequences for the"
sixth extender module of the epothilone PKS have been replaced with those that
encode (i) a KR and DH domain; (ji) a KR domain; and (iii) an inactive KR domain.
These recombinant epoD gene derivatives of the invention, when coexpressed with
the other epothilone PKS genes make the corresponding (i) C-9 alkene, (ii) G-9
hydroxy (both epimers, only one of which may be processed by downstream -
modules, unless additional KS and/or ACP replacements are made in the next
module), and (iii) C-9 keto (C-9-0x0) epothilone derivatives. Functionally
equivalent sixth extender modules can also be made by inactivation of one, two, or

all three of the ER, DH, and KR domains of the epothilone sixth extender module.
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have been replaced with only a KR domai n and whi ch produc#sOctober 2004

13- hydr oxy- 10, 11- - dehydro-epothil one D. The present invention also

provi des the novel epothilone derivatives produced by this strain. Wen
only theSROMBEYI n is deleted or otherwi se inactivated, PEEUSSUWTIE nant
epot hil one PKS produces the 10, 11- dehydro anal ogs of epothilones C and D,

primarily 10, 11-dehydro epothilone. . Thus, in one aspect, the present
inventioi}ﬂﬁrovid s .a reconpi nant. epothilone PKS in ich the ER donmin of
ext ender - RbTARPE thR PHEERt veation soev YERfocaus gavinys sEpinnkd9l64n and

bresent. Fvonr N T ae RSl ARkt B8 pulRPSERRL,  oa

present Invention provi a rangi um ce roduces

10, 11- detmith theehoiehicha TiieukoCallsaticH, 10801 ) mgg or
t he ER domai n of extenggrﬁarmdul e 5 of thquggltgﬂﬁséﬁg%m' 1 #%%ese
r econbi n3@k10e399 Poh erdioventtiey 23, 2000, Ard isweaildblnuader aQesHoa MFEPTAM t h
t he epoAz epoB, . epoC, epoE, and epoF genes or with reconbinant epo genes.
cont ai ni Agt b}&aw\é@%ie@ﬁw K& igerns in wihjek thediRalamaididiftexderader

S%? Cvat i Gt} 8 naB LA Sndeicl inadl Ve BF KRR o i amadies § te%é%??ﬁed by
. i - : . s i - an AT .
omai 1 ¢ HhePHlORL . THipasR infRAibh o SV B R Sd o MR BR T

si m | ar pralugdigstHiostraip oduci ng the epothilone C 11 derivatives can also

be made by inactivation of one, two, or all three of the ER, DH, and KR
domai ns of the epothilone fifth extender nodule. Another node for altering

desi gé"ﬁé‘?ﬁii il B e e S S :%eé‘ég’%n%s??f%%aélus
. PKS ' ' ' 55 28
ot ober S0Eh v Dy anbiy Bk ApeHives SRRl Snel AR SR o, wien

present , thgthsebsDid QrtHER aliokbd &9 r&&&%@m%{ﬂ@kﬁg{ww%gfoﬁaﬁ& glgin a

native PKS are preferably used ih the reconbi nant strat?ve

r epl acenepnthilonedesivhtives. fer exhaiile, WiricareoddinartepsDpRaveldalivde, for
exanpl e and ,gdégout limtation, the inactjve. KR domain fromthe rapanycin
PKS provided by the invention also includes module 4 coding sequences that encode an -

AT domain that binds only methylmalonyl CoA. When incorporated into a PKS

with the epoA, epoB, epoC, epoE, and epoF genes, the recombinant epoD gene product.
leads to the production of the C-9 derivatives of epothilones B and D, depending
on whether a functional epoK gene is present.

[177] ustrative replacement domains for the substitutions described above
include but are not limited to the inactive KR domain from the rapamycin PXS
-module 3 to form the ketone, the KR domain from the rapamycin PKS module 5 to
form the alcohol, and the KR and DH domains from the rapamycin PKS module 4

- to form the alkene. Other such inactive KR, active KR, and active KR and DH
domain encoding nucleic acids can be isolated from for example and without -
limitation the PKS genes encoding DEBS, the narbonolide PKS, and the FK-520
PKS. Each of the resulting PKSs produces a polyketide compound that comprises a
functional group at the C-9 position that can be further derivatized in vitro by-
standard chemical methodology to yield semi-synthetic epothilone derivatives of
the invention. )

58



extender nodule 3, the KR domain fromthe rapanyci n PKS egt@stdedr 2004lul e 5,
“and the KR and DH donai ns fromthe rapanycin PKS extender nodule 4. Qher
such inactive KR, active KR, and active KR and DH domai n encodi ng nucl eic
- acids caV@erssel ated from for exanple and w thout |initRCTARe/I3es PKS
‘genes encoding DEBS, the narbonolide PKS, and the FK-520 PKS. Each of the
resulting PKS . enzynmes produces a pol yketi de conpound that can be further
derivatized in vitro by standard chem cal nethodology to yield

sem -synthetic epothilone derivatives of the invention. . [173] The sixth

ext ender ypgyl f é&qﬂ .l | 2ds
met hyl mal ony gg%,sea&%&f&g%ﬁ% S gd ) fatﬁg eﬁﬁ%eﬁﬁs %E\%@?%%glgh%ﬁ#ﬁa
portion obpédific Sorcinetiepiieicies] CoAlLA BR; ating ACRUERE Sevénth ixldreRe ohéldule
conjunction wth other PKS codi ng sequences to create a hybrid nodule. In

this embo@f Hanepothilhpe PKSsiscontripedin thesgerleqrroduatf the epbE rene,nehichcilsy t he
D hyair oy RN T SERGpePRAE modulfs fo oragruihegiiseat A MEIA spmgiunghy e of
Dy and KECRHRENES sBEGRE mbERRHeD thE Lt AT exfeliBer Blodtle of e Shclbittie ng
Bt er 01 Dgpie S eRPREGCA (Gt b PGHn HRiPIBRANE Wth Biher oIS Copbfilyes |

conj unct i tie epéthilanePKShor s PHSehatpi@iuces phepethilorsuderivativel IRtRES dndat
makes epothil one, an epothilone derivative, or another polyketide.
Al t er nat i ¥elpjed embodimentscthessuenthrntlieighth extendenutadulenef ke posnil dee

or oduce  FISE 4 Grergntes inEote Sbienls i ssbesn el Barionunt v 01/ 83500
T o Sl S AR P el
ext ender dothstitafe thePKS:IathotiraeoliSiimg, Dperic bLER Of He sorhaced to
change the AT donmain encoded thereby froma nethyl mal onyl specific AT to a
mal onyl sgssnter mutulggedingdeguyghce is utilized in conjunction with other PKS coding
sequences to create a hybrid module. In this embodiment, the invention provides,
for example, either replacing the methylmalonyl CoA specific AT with a malonyl
-CoA, ethylmalonyl CoA, or 2-hydroxymalonyl CoA specific AT; deleting the KR;
replacing the KR with a KR that specifies a different stereochemistry; and/or
inserting a DH or a DH and an ER. The resuiﬁng heterologous seventh extender
module coding sequence is utilized, optionally in conjunction with other coding
sequences, to express a protein that together with other proteins constitutes a PKS
that synthesizes epothilone, an epothilone derivative, or another polyketide.
Alternatively, the coding sequences for the seventh extender module in the epoF,
gene can be deleted or replaced by those for a heterologous module to prepare a
recombinant epoE gene derivative that, together with the epoA, epoB, epoC, epoD,
. and epoF genes, can be expressed to make a PKS for an epothilone derivative. -

[179] Hiustrative recombinant epoE gene derivatives of the invention include
those in which the AT domain encoding sequences for the seventh extender
module of the epothilone PKS have been altered or replaced to change the AT

domain encoded thereby from a methylmalonyl specific AT to a malonyl specific
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speci fic AT domain encodi ng nucleic acids can be isol ate exanpl e
and without l[imtation,. the PKS genes encodi ng the narg%igﬁﬁﬁgﬁg&é, the ° -~
rapaxnycin, ~PKS, and the FK-520 PKS. When a reconbi nant epoD gene of the

i nventi o0 YUBHE{di ng such a' hybrid nodule 6 i s coexpresE&A/GFOUM3BRe ot her
epot hi l one PKS genes, the reconbinant PKS makes the 8-desnethyl epothilone
derivatives. This reconbi nant epoD..gene derivative can al so be

coexpress i th reconbi nant ene derivatiyes ¢qntaining _other

alterati d‘ﬁg %ﬁﬁ?‘v @P?C?ﬁ%AﬁLpf&? IR “Pﬁiémp?cdg%%n gelﬁ@a@ﬁa’fﬂﬂﬂhkes

t he corr apdi, < : %H%.] QFes Lvat | I one
reconbi ngﬁ? epoggg%}]ﬁ%y?g%&%by e pvgn éso%dgﬁgig %@%“&’é’?‘)&ﬁﬁ%ﬁ% 4

codi ng seheeasany RIKS Reddbe FK-BI0 REBWhd@expraded Wikl tha'bizpy! mal onyl

CoA. When incorporated into a PKS with the epoA, epoB, epoC, epoE, and

epoF genepothitene €S gbinesm o ppaB,gpo€, gobdant epeBdr depivativepiheieotizon  of

t he 8-de%§§‘%?yl derivatives of epothitones B (if a functional epoK gene is -~
present) s aryepothilene deriyative vith 2 (b hudmeam innteachoba §ep enetbylist i ves

of the iny LO i ncl t hose in. which the ER DH. and.KR dqmai n encodi ng
sequenceg)rggf‘mfcﬂghus’ g#ﬁ?ﬁ%ﬁ%@?%ﬁ eéaﬁ:ﬁrattﬁglseﬁlﬂ?ﬂmflﬂgn S have been -
repl aced ppbihcd2SEH ﬁﬁé{ﬁ ' R and DH domain; (ii) a KR domain;
and (iii )pf’gn (i:nact [ Vg%es oma?ﬁepé gggér econbi nant epoD gene derivatives

of the invention, when coexpressed with the other epothilone PKS genes

make the corresponding (i) C9 alkene, (ii) CG9 hydroxy (both epiners,
only one [B0]witereighih exdenderonedule dfithd epnthilarenPKSinkliides a K8, @asAT

addi tional K§ and/or. ACP.repl acenents are made in the next nodule), and .
(iii) G §PE@§8?‘€ : W‘é‘ﬁﬁtéﬁ"ﬁo‘ﬁ’é‘”&%@ k&aﬂ‘?/g’ﬁ manséhal |y  equi val ent
si xth ext b |.nactivat kon of A LWwo, or:
all thr etéﬁ%?ﬁpﬁ%%g%agw%zﬁgh%%"a%l n%&gg&(gq I#lhrb ee%gﬁﬂ‘?%%t' gﬁﬁﬁﬁ& extender ’
nodul e. %4 e i géqu@g, - 4 -hhe
present i ng’gﬁjt [ onéag?%{}igig%ia I\/yxocg%gﬁés&)?g%%f@;e{l al ?&g@&ﬁ%@%ﬁ%ﬁ% rain
was depospotidlane RICS &r dempeessed with the athes podteinveconytapisg tHe epéthilone

PKS or a PKS that produces an epothilone derivative. In another embodiment, a

portion or all of the eighth extender module coding sequence is utilized in
conjunction with other PKS coding sequences to create a hybrid module. In this
embodiment, the invention provides, for example, either replacing the |
methylmalonyl CoA specific AT with a malonyl CoA, ethylmalonyl CoA, or 2-.
hydroxymalonyl CoA specific AT; deleting the inactive KR and/ or the inactive
DH; replacing the inactive KR and/or DH with an active KR and/or DH; and for
inserting an ER. The resulting heterologous eighth extender module coding -
sequence is expressed as a protein that is utilized in conjunction with the other -
proteins that constitute a PKS that synthesizes epothilone, an epothilone’
derivative, or another polyketide. Alternatively, the coding sequences for the -
eighth extender module in the epoE gene can be deleted or replaced by those fora
heterologous module to prepare a recombinant epoE gene that, together with the
epoA, epoB, epoC, epoD, and epoF genes, can be expressed to make a PKS for an

epothilone derivaﬁye.

Y
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with the Anerican Type Culture Collection, 10801 Uni ver si8/O8obetr.200nassas,
“VA 20110-2209 USA on Novenber 21, 2000, and is-avail abl e under accession
No. PTA- 2711), which contains epothilone PKS genes in which the KR donain
- of extendéV¥OOE8HWA® e 6 has been rendered inactive by nmutati ®oTasdyydrmzh

produces 9-keto- epothilone D. The present invention also provides the
novel epothi | one derivative produced by this strain. [176] Thus, the

reconbi na ﬁp gene der| vatives can al so be coexpressed with other
reconbi na enderyagdulernfiha epgthitonePiE$ alsoaonopisesra can

t hensel vezngtgl %uq?t her ah} ?%ﬁﬂsfta*asg&&fﬂ a PK‘?1 hat mﬁ%};@tmmt :
correspon \?ﬁ?‘mﬁo fﬁeﬁhﬁ
gggi[)ngeggq ences that enc\ggggan - %W&&E %]ttoalg sC‘Qf)‘;ilnl!Iég r‘?ﬁ? nyl

CoA. Wien geneclepivntivedf thd dvanfle®, whidh dah%@@@%esééﬁ%th%@@th epoF
genes, the reconbi nant epoD gene product. Ileads to the productron of the

C-9 deri v;ﬁKS/g@xesfor@}mmnWmﬂgerea t Makes perepotiylomndetivaties that ladket i onal
epoK gene |s ent 77] ustrative repl acenent domains for the

substi tuti 5‘5’ @1%‘»? » A§RRYY ogwhefher Ha AT |®méw06ﬂlemghﬂnact i ve

KR donmi n | ul e formt ket Qne he KR

domai n fr%@@é%ﬁp%‘ﬂngg%g%%ﬁm%§wﬁ I}}g,ﬁ %Igf €t he KR ard
DH donai Ngofrespdnditg'@RPBERICh Hihe uj@rm t he aI kene Gt her such
I nactive KR, active KR %igré\d acti ve% angﬂ3 OITB.I n encodi ng nucl eic acids
can be isolated fromfor exanple and without limtation the PKS genes
encodi ng , _the narbonolide PKS, and the FK-520 PKS. Each of the

resul ting s Thead ‘@efé\tﬁll%@lw@ﬂﬁﬁftbgﬁp@ﬂﬁ@n%cmdpdesaﬁanfma i onal

Jtandard &R 5?%58 P RRlansGiod s KB S Biastive D ot e b SEie nimthiestender
derivat i vegodile of Bte bPNRIIbhO PKSS exPrdd hen pg'g&én \@e%yoéﬁgpgf the epoF

PCT/ US01/.13793
gene, which also contains the TE domain of the epothilone PKS. In one

embodiment, a DNA compound comprising a sequence that encodes the ninth
extender module of the epothilone PKS is expressed as a protein together with.

- other proteins to constitute an epothilone PKS or a PKS that produces an
epothilone derivative. In these embodiments, the ninth extender module is
typically expressed as a protein that also contains the TE domain of either the -

‘epothilone PKS or a heterologous PKS. In another embodiment, a portion or all-of
the ninth extender module coding sequence is utilized in conjunction with other
PKS coding sequences to create a hybrid module. In this embodiment, the _
invention provides, for example, either replacing the malony! CoA specific AT
with a methylmalonyl CoA, ethylmalonyl CoA, or 2-hydroxy malonyl CoA specific
AT; deleting the KR; replacing the KR with a KR that specifies a different |
stereochemistry; and/or inserting a DH or a DH and an ER. For example,
replacement of the AT domain of extender module 9 with an AT domain specific
for methylmalonyl CoA results in a recombinant epothilone PKS that produces 2-
methyl-epothilones A, B, C, and D in the recombinant Myxococeus host cells of the
invention. The resulting heterologous ninth extender module coding sequence is

coexpressed with the other proteins constituting a PKS that synthesizes epothilone,
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[1781 The seventh extender nodul e of the epothil one PKS iZfDetdber 280KS, an
AT specific for nethyhual onyl CoA, a KR, and an ACP. The seventh extender * -
nodul e of the epothilone, PKS is contained in the gene product of the epoE
gene, whhOM%Y contains the eighth extender modul e. | nPERASEBIHHIR nent, a
DNA conmpound conprising a sequence that encodes the seventh extender

nodul e of the epothilone PKS is expressed to forma protein that, together

with other prgteins, constitutes, the thil.one, PKS.or .a PKS that produces
an epot h%‘gﬁg PEARTARTVE BT pRQther Ql’?&’eipel%éﬂa PRl iR REeSe e sevent h
and eigh : : SRR rq:.[ﬁa . | A her eof
are typii%:r{;]le?l))élbgl prgéi%%ggggfsﬁgﬁg prot eél'n ar%ﬁ&?%gé%?%ggéeg{/%ﬁ fe epoA,
epoB, eppintherdider iodplethagdres repladed byal invdtulé honeathetdRlpBRRSLE the

PKS. I n another enbodinent, a portion or all of the seventh “extender

modul e chal heprsde]gtadcia itsentitety. Zodhe fattengrobedinoentytheil B doamaifiS codi ng
sequences to create _a hybrid podule. In this epbodi nent, the invention

pr ovi des@P*#%ﬁ%{é%WH@nPéﬁF%@iﬁ?&i‘?ﬁég W;%rdmd“-@oA specific AT
with a mal onyl CoA, ethyhnal onyl CoA, or 2-hydroxymal onyl CoA specific AT,
deleting the KR, replacing the KRwith a KR that specifies a different

st er eoChpEBYt Iy anéthdt emboditRht thE pReddit Mvéntidh pRAIA% FRost. 6@:@@'“ ng
het er ol ogous seventh extender 'nodule coding sequence 1s utillzed,

opt i onal irwentiondhaticarhpriresa hbtepdblogous B geneselasien (£ PKS gor distes tiat
protein that together with other proteins constitutes a-PKS that

synt hesi isaytgpesatiia as, ungnodindh nabrally ecevming bosiellofdhksamedyprpas de.

Alternatively, the codin equences for the seventh, nder modul e _in the :
epoE geWé’ﬁC%’r’fl%eéiecfg]agfe’é%xfﬁ“'%r@?ﬁ%ﬁﬂ%@%@%ﬁl?aﬁﬁg&& fddul e to
pr epar e ' ' ' W epoA, |
epoB, ep%&bbggg ) '%?@g@%@ﬁ%@%@ﬁ%&%%ﬁg%ﬂ%@ ehﬁ{@e for an
epot hi | opendi@motderived frdmhhe shirestdraldiieer 85 BIOPRENAs ORRxERiHe ARG Vat i ves
of the invention include those in which the AT domai n encodi ng sequences

for the wwomhihambdiestaells ohtheuingention e oap enhddinenPkSatprise the genes teated or

repl aced t hapnge the AT domai n_encoded thereby from a met hyl nal onyl
speci fi ccode 105 the REPES§ION dbe epethytoned’ ke g parepatilone PKS derivative. T - .

accordance with this aspect of the invention, the host cells are modified to contain -
~ a TEII gene isolated from a PKS gene.cluster other than the epothilone PKS gene.

cluster. lllustrative embodiments include, for example, the TE II gene from the
picromycin PKS gene cluster of Strepfomyces venezuelae and the TE 11 gene from the:
tmbA PKS gene cluster of Sorangium cellulosum (this PKS gene cluster is described
in U.S. Patent No. 6,090,601; U.S. patent application Serial No. 144,085, filed 31
Aug,. 1998; and provisional U.S. patent application Serial No. 60/271,245, filed 15
Feb. 2001, each of which is incorporated herein by, reference).

[184] Hlustrative examples of recombinant epothilone derivative PKS genes of the
invention, which are identified by listing the altered specificities of the hybrid
modules (the other modules having the same specificity as the epothilone PKS),
include:
(a) module 4 with methylmalonyl specific AT (mmAT) and a KR and module 2
with a malonyl specific AT (mAT) and a KR;
(b) module 4 with mmAT and module 3 with mmAT;
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WD 01/83800 PCT/ US01/ 13793 AT. Such mal onyl specific AT ddrfétabaR€84i ng
“nucleic acids can be isolated from for exanple and without limtation the
PKS genes encodi ng the narbonolide PKS, the rapamycin PKS, and the FK-520
© PKS. When WOexpI88&ksed with the ot her epothil one PKS genes, pepusol/spaB,
epoC, epoD, and epoF, or derivatives thereof, a PKS for .an epothilone

derivative vm'th a C-6 hydrogen, instead of a C6 nethyl, is produced.
Thus, if t nes contai n,po ot her aIteratlons t he conpounds produced
are the 6( @bﬁf‘ﬁwf"@ﬁé@mf’ ’@’lmﬁﬁh ext ender nodul e of the

hact Lgnﬁféﬁ&"&ﬁé‘%ﬁwﬁaﬂ E)F B R Pl ATt S AR 2n AcP

Ln one enpodhsRile 4 #iHANMMATERRAURS &g{@ ﬁgng khat encodes the
ei ghth eT@nder rmdul e of the epot on ﬁ-IL-> I'S coexp?essed wi th the other
proteins ¢Dumsodiletd withihen APentirhodale FRhahneA PEAd Y aBlASMERSKR :

epot hilone derivative. |n another enmbodinent, a portion or all of the
ei ght h ex{@raedulmbiw ﬂlmﬂﬂ"@m@q@@ﬂi&ﬁmﬂuMTZed in conjunction with

t(;égein\zg?ﬁ()dl aﬂtﬁ/‘fgg nces C{ e%tg%l%ﬁ g’; rmlaaal I n th| sthgzngﬁéaLr?E; |
hydrogymaF g%@& Qb@#ﬂ@#%@uﬁl ng tb[%ﬁ%n%bq%@q’(%kand/ o¥ they o

i nactive BFmdRikaGiE hiFAT BAG bhodulKB wiE/MAA TR f.fgv gRKR and/ or
DH, and/or inserting an ER The resulting heterol ogous eig t extender

modul e cofngodubetjuaticem A Tamt modede Zsvith prATei n that is utilized in
conj uncti &51 th the other proteins that constitute a PKS that synthesizes

epot hi | on édhthrensh (ﬂeﬁcﬁﬁtﬂlﬁém@iﬂ&@%@n@&'?ket i de.

Al ternati n uenc for th th nodul e in the
epoE gene@iﬁ%’é‘aﬁéﬁe&%&%ﬁ??ﬁ &’g?aa flﬁg’s@ﬁ?% aﬂmﬁer@ ogous nodul'e to
pr epare aﬁ?qgﬂ{fm ®eTor )ALy 5@9?11% epoA, epoB, epoC,
epoD, and( poF geg]gz calm b ex ssegl to nggeha\é’I or an epothil one
derivati v&#he@bo28 h&isﬂliﬁstré‘@@élorﬂy and should not be construed as limiting the

invention, which includes other recombinant epothilone PKS genes and enzymes -
with not only two hybrid modules other than those shown but also with three or -
more hybrid modules.

[185] The host cells of the invention can be grown and fermented under
conditions known in the art for other purposes to produce the compounds of the

- invention. The present invention also provides novel meﬂtods for fermenting the .
host celis of the invention. The compounds of the invention can be isolated from
the fermentation broths of these cultured cells and purified by methods suchas

those in Example 3, below.

[186] The present invention provides a number of methods relating to the -
fermentation ef Myxococcus strains for production of polyketides and other -
products. Prior to the present invention, fermentation of Myxococcus has not been
conducted. for production purposes for any polyketides other than TA and
saframycin, which are produced naturally by certain Mixococcus strains. Thus, in

one aspect, the present invention enables the use of Myxococcus as a production
63 -



WO 01/83800 PCTI US01/ 13793 [181] The ei ghth extender nod8Odbber2804

epot hil one PKS al so conprises a nethylation or nethyltranserase (M}
domain with an activity that nmethylates the epothil one precursor. This
functi on WaY1B8%e| et ed to produce a reconbi nant epoD geRETABOIHOI ve of .
the invention, which can be expressed with the other epothilone PKS genes
or derivatives thereof that nakes an epothilone derivative that | acks one

or both pet hyl .grou dependin n.whet her e Al domai n of. the ejghth
ext ender %ggﬂreﬂﬁ £§8§E€%°‘§ﬁggﬁrggel}q%ﬂ% ﬂg%ﬁ’ﬂ?\i g?ﬁéb?‘f‘ pemppuRdsngludifiey e
correspongj = | 14 >, 'I}I?{}g Sﬂﬁiok@ I ni nt h
extender%ggﬁtgnﬁ&?ﬁiétﬂg%ﬁqe%@rgﬁgbﬁc %‘g@%&ﬁgﬁ an g’hslgegg?’fic for
mal onyl @rbteadekBthé@probeins, ligddilyeulipids) rh@mnolipeds)iaiidn ext ender. nodul e
of the epothilone PKS is expressed as a protein, the product of the epoF
gene, whipsiyhydwxyeheaioatest he TE donmain of the epothilone PKS. In one

enbodi nent, a DNA conpound conprising a sequence that encodes the ninth
ext ender nodul e of the epothilone PKS is expressed as a protein together

i th. ' ' | l.one PK PKS th
br oduces 171 “AB5Ti e keH8r biovivBa B FE R R el h Bt -
extender JpREkibfink%ell Hahkahhd n%é‘tﬁb%ﬁﬁ%c&?@ﬁﬂ&ﬁcb&c&&@éfrﬁh% acontains the

TE domai n of either the epothilone PKS et’erol ogous PKS. | n anot her

enbodi nerfermentatiohimadinm. &THese imethbds araninip@tiel Yecause gitice to@He pgeseaguence . |

is utilized in conjunction with other PKS coding sequences to Create a
hybri d ndauertion, frezenscehaadis o Myxoracsus sinains edapted foviptedyuction iresdnypl e,

e B e R R Bl b B .
andl or 1 RAGPEPRde SRl o AP A o R e SRR e

AT domai n of extender nodule 9 with an AT domain specific for
met hyl mal onyl CoA results in a reconbi nant epothilone PKS that produces 2-

net hyl - edb88]i I'degeresentsinventiamdlsd provides arfeomebtationt mbthait forgrewtimgt cel | s
of the invention. The resultjng heterologqQus ninth extender npdul e codi ng
sequence Myxococcus and a fermentation medium useful in the method. Surprisingly, - .

Muyxococcus xanthus and other Myxococcus strains cannot utilize carbohydrates, |

glycerol, alcohol, or TCA cycle intermediates as a carbon source. Prior to the

present invention, M. xanthus fermentations were cartied out in protein based

media. However, NHy builds up to levels toxic to growth in protein based media -

and so limits fermentation. In accordance with the present invention, Myxococcus

strains are fermented in a medium that contains oil and/or fatty acids as a carbon-

source.,

[189] Ilustrative oils and fatty acids useful in the method include, but are not
limited to, methyl oleate; oils derived from coconut, lard, rapeseed, sesame, soy,
and sunflower; salad oil; self emulsifying oils such as Agrimul CoS2, R505,and
R503; glycerol 6leate, including glycerol mono oleate and glycerol tri oleate; odd -
chain esters such as methyl heptadecanoate, methyl nonadecanoate, and methyl
pelargonate; ester chains such as propjrl oleate and ethyl oleate; vegetable methyl
oleate; methyl stearate; methyl linoleate; oleic acid; and phosphatidyl choline,

whether pure or derived from soy or egg yolk. Thus, any plant or grain derived oil,
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Gcoexpressed with the other proteins constituting a PKS tR&aOctpet hiEsl zes

epot hil one, 61 28 Cctober 2004 WO 01/83800 PCT/ US01/ 13793 an epot hi |l one

derivativ o ?J anot her pol yketide. Alternatively, the present invention
_-provi des ‘g P& an epothil one or epothil one derivati ve PCA/USALEIT93 he

ni nt h extender nodul e has been replaced by a nodule from a heterol ogous PKS

or has been deleted in its entirety. In the latter enbodi nent, the TE

domain i's expressed as a digcrete protein or fused to the eighth extender
modul e. FUGBRS sUnHAWeR oF senBddBearimal ieriyedsdhsughes lrdwil, freevirgbs a host

cell of the ..inveation.that ¢ ryse et erol.ogous PKS gene duster (a PKS
“gene cl 'usetsgel"‘lfﬁ%af% i@qf’o%}aaﬁ}ye@% iqqg%%ﬁOﬁhﬁagH{qtpg&r %P’F}Fgﬁr}iy nafpalapdng
-host cel lgopfndes: : I : s hi gest er ase
type |1 Sy i(ﬂ.hei n ?&?%Eﬁ ") . Iﬁsssélcgﬁesfper}%r% ggagggg%%c?mgn@}ﬁgﬁly?%l & v%%' i's

het er ol ogesgsectivelyh anBkfdganial fiuficetation bils shbh b Co?ﬁi‘ﬁ(?bﬂa&ﬁﬁoﬂ%” ved from
the sane gene cluster as the PKS. As one exanple, the. reconbi nant host

cel I s of Agamulveried, can ba eoyoyed buiheenethockfn b preferiee] gabedimetiathe code

for the ression of _the epothilqgne PKS or an epothilone PKS derivative.
In - accgéﬁﬁ%@hﬁ}‘tme@ﬁpéu "egcrt[‘eg”fﬁ%W A% 8t sashon spuraee Generallys ods e
nodi fi ed s | sol ated from a PKS genetduster other
than t he BE-ERUEAE o oot ko ifice 38 b o Ped vt e il uae,
for exanynatileddErd thed@iRe of BRMetdion. Otk 3L l§§mg, Si5her of Stt
eptorrycg? vene]?ﬁel ae and thg TEEQIEI} gene fr?)lg%t h@ngtm i?l%Rg geng cluster of
Sor angi urfennéhtationuneditin IncRiKE gacemdtds stch ss Beaad e Svhich idpSoveat ent  No. |
6,090,601, U S patent application Serial No. 144,085, filed 31 Aug. 1998;
and pr oviggpvihand psodpgtienin egmplexamddeltd miedivand di baithadas] feflibagch 15 .
Feb. 2001, each of Lch is i.ncorporated herei,n by, reference). [184
Vst r oottt A mEei G dobiRER RIS Seals Fodart mnvals o erebeciveabe he
i nventio ' f Eod hfied by listing the altered specificities of the

~~hybrid .%ggﬁgg%tahgp%t?ﬁg&égmdul es having the sanme specificity as the

T epothilone PKS), include: (a) nodule 4 with nmethyl mal onyl specific AT

“nmAT) and a KR and modul e 2 :
[190] Inone embodiment, the present invention provides a fermentation medium:

I

for host cells of the invention that contains reduced or no amounts of animal-
derived materials. Due to the potential for contamination by infectious agents,
such as viruses and prions, the use of animal by-products in fermentation
processes for the production of compounds to be administered to humans or -
animals, one may prefer to use a fermentation medium that contains reduced or no
amounts of animal-derived materials. Such media is provided for use in the
methods of the invention. The oils or fatty acids contained in the fermentation:

~ medium can be derived from a non-animal source, such as a plant. For example,
vegetable-derived methyl oleate can be obtained commercially. Moreover, one can’
i'eplace an animal-derived material with an équivalent but non-identical material
derived from a non-animal source. For example, casitone, which is a pancreatic
digest of casein, a milk protein, can be replaced with a hydrolysate of a protein

from a non-animal source, including but not limited to a plant, such as a vegetable-

derived protein hydrolysate.
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with a mal onyl specific AT (mAT) and a KR, (b) nodul e 4 vag bcignAiboand .
nodule 3 with mmAT; 62 28 Cct ober 2004 WD 01/83800 PCTI USO1/ 13793 (c). T~
nodule 4 with myAT and nodule 5 with nmAT; (d) nodule 4 with nmmAT and

nmodul e 5 YWPOKSHANT and only a DH and KR, (e) nodul e 4 wi PETHBONTZIANd

nmodule 5 with mm- AT and only a KR, (f) nodule 4 with nmAT and nodule 5

w th mAT and onIy an inactive KR (g) nodule 4 with mmAT and nodul e 6

KR (1) KL Enerafy dedmictune ”‘“‘\T:ma“"la&,??%i:‘ésﬁm% a esmensafign. Feeds forcp modul e
iﬂg“hf“ ”ﬁ%ﬁ%i“&eﬁ%% il ey 206 e ”%ﬁﬁ%%aﬁ%&r%% G eﬂit

5 ](_,,g% gtﬁg
glrjl lrjrrrg\T 1:(gnd (n) bri ds (a)gleﬂhr ou cedp%m§ %D%llal%e gyés é:%nrrg'sl'

The aboveepiess sec@ndlatylﬁtetalbmm,cmid/ﬁahdfammitdnﬁﬁtfeé& eafehfdgdags [imting
the invention, which includes other reconbi nant epothil one PKS genes and -
enzymes balaw thethreahgldiafdnhipition preductensande higher.t hose shown but al so
with three or nore hybrid nodules. [185) The host cells of the invention
can be grown and fernmented under conditions known in the art for other

B1'<0° pr oVt AL TREHERERGEATRNIN I nd RereREAS BlgudCRnth T o™ ' "
i nvent i ogpe&aealfo)af@&wpi@d%ubh%f epYeildRa a‘f@!’fe?&eh%ﬂcﬁ% ﬁl‘édﬁd@‘efﬁlt

fermentation broths of these cultured cells and purified by net ods such as

those i nthosempkéhols. Aslome.expi@ip, Pivpipmnate anid acetste can be pised itd ¥flweriveber  of -
met hods reI ating to_the ferrrent ation of I\/yxococcus strains for production

of pol ykéne gpethilenedihelor Bypbmiia and Hhe ters of epethilones ebtained Whdle this
Ferment at ];ru%%f oc&%s rré?esrrgé) }nelg_ﬁepoleate / trace metals fermentation

medium, the effect can be quite significant effect in other media, such as CTS .
medium. Increasing amounts of acetate in the fermentation media can increése- '
Myxococcus growth and epothilone production. Acetate alone increases epothilone
C (or epothilone A) titers dramatically, and reduces epothilone D (or epothilone A)
titers. Propionate alone does not increase epothilone titers and at high
concentrations can reduce titers. However, propionate and acetate together can
shifts the production from epothilone C (or epothilone A) to epothilone D (or
epothilone B). One preferred medium for the production of epothilone D contains -
casitone, 10 mM acetate, and 30 mM propionate. Media containing odd chain fatty:-
acids can reduce production of epothilone C in fermentations of Myxococcus
xanthus cells that produce epothilones C and D. Trace metals can also enhance -
epothilone D production and increase epothilone D:C ratios in the presence of .

acetate and without any oil in the fermentation media.

{193] The present invention also provides methods for purifying epothilones from
fermentation media and for preparing crystalline forms of epothilone. In general,
the purification method involves capture of the epothilone onto XAD resin during
fermentation, elution from the resin, solid phase extraction, chromatography, and

crystallization. The method is described in detail in Example 3, and while the
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conduct ed for production purposes for any pol yketi des ot h Octaber 2084 and
~saframycin, which are produced naturally by certain Myxococcus strains.
Thus, in one aspect, the present invention enables the use of Myxococcus
- as a prody¢@PusyB 28 Oct ober 2004 WO 01/83800 PCT/ US01/ 137O0Rukestz7é0r t he
‘production by fermentation of useful bioactive conpounds, including; but
not limted to, polyketides, non-ribosonal peptides, epothilones, |ipases,

proteases, other prqteins, lipids,.g]ycolipids, rhamolipids, and

pol yhydr o%&‘@%ﬁ#@ .equg‘i‘]ﬂﬁfﬂiﬁ&@ T/RPO e othegquathog eancbe wsashta on
are netho J torl | | n and .net hods f.,or adapting
a M/xococ%@%@ﬁ%egoﬁ%%t%ﬂeg%mﬁaﬁﬁ%go Sggog i mport ant ,
because phiafifrall9 ocb@rripf iloh&Y, Bd PR epoHRTSG R @?ﬂkﬁ: us
strai ns adapt ed9f or pro% ctionin oll- bgg)ed ferér\@rllét)%t on ncggi%nm%g&(eé?not
been nmadeceldnof he inhentidisence of adaptation, Myxococcus strains frequently

die, especially in oil-based fernentation nmedium [188] The present
i nvention also provides a fermentation method for growing Myxococcus and a

and of hor gl od agute S enpadFne o4 PrescrtinBanpoh prewides goyebr o
| cohol, : [ | ' to th
or csont | | SpEREOnE e fral B R Bl e B R B AR i Bl I o o i

based nedpficultion veterinirit peattlce satid meditR SlrSortCednbo i ShO Md cdpBhAkS! N
based media and so limts fermentation. In accordance with the pPesent
i.nvent i onareisebebacimngicidesniinenatherfenbedinesht; thexomgsburids dretusefultiai ns oi |-
and/or fatty acjds as a carbon-_source. [189] Illustrative oils and fatty
aci ds usef@fcer ghemeotharapydin anathere eat, g compatindgareuseful foyithe| eat e;

oi Il s deri I eseed,. sesane, ..SQy, d sunfl owner;

cal ad of | PrEsrRE GRERed Aol RN e PO e usBe iateopie.
gl ycer ol nbBadfolifdd&livé iR8asise@h Ol HNBANRA R, Gufdiths i dnd! £ate; .
odd chai nygst%?s such as net hyl hept adecanoat’e,11 met %%g%%aaﬁée'cd%gate, and
met:hyl psoriasis, and to the prevention of cell growth in stents. In a preferred

embodiment, the compound is an epothilone derivative that is at least as potent
against tumor cells as epothilone B or D. In another embodiment, the compounds .
are useful as immunosuppressants. In another embodiment, the compounds are. * -
usefu in the manufacture of another compound. In a preferred embodiment, the -
compounds are formulated in a mixture or solution for administration to a human

or animal.

[195] The novel epothilone analogs of the present invention, as well as the
epothilones produced by the host cells of the invention, can be derivatized and -
formulated as described in PCT patent publication Nos. 93/10121, 97/19086,
98/08849, 98/22461, 98/25929, 99/01124, 99/ 02514, 99/07692, 99/ 27890, 99/39694,
99/40047, 99/42602, 99/43320, 99/ 43653, 99/54318, 99/54319, 99/54330, 99/ 65913,
99/67252,99/67253, and 00700485, and U.S. Patent No. 5,969,145, each of which is

incorporated herein by reference.

[196] Compounds of the invention include the 14-methyl epothilone derivatives

(made by utilization of the hybrid module 3 of the invention that has an AT that
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pel argonate; ester chains such as propyl ol eate and et hyl2&Peaba;200¢get abl e
nmethyl ol eate; nethyl stearate; nethyl linoleate; oleic acid; and T
phosphat i d%lp-I choline, whether pure or derived fromsoy or egg yol k. Thus,

any pl anWQPIRBY n derived oil, 64 28 Cctober 2004 WD 01/ BEB{E$01/13793
PCT/ US01/ 13793 such as sunflower or soy oil,' any animal derived oil, such
as lard oil, free and esterified fatty acids of any chain | ength both

LB Sk AN 5 P i

I ndust ri gkrik8é OBy YtliSatiSHS ' Lon. S . |yl series,
can be enpl oyed | theB}rrret hog. I npﬁkﬁgﬁ%@%ﬁmﬁé}%@gﬁﬁﬁ%ﬁt ation’
medi um uDH and&Rrixistyad of e ER, D tdel KR) e 19aueds] efoalcd derifitives t hat
are liquid at roomtenperature are nore preferred’than solid oils,

pri mar i | {mage byarilizatiopeofithe hiybridavedule 2ptHherisventiomthmrhasmmoATahat
G, b RS eI b i SRR A he g o rpadiloneed & and
{race noaengalifés R dly BRREARGRDE b BRI IMEANEY Bl ifFihen Bf B8 o one

enbodi MR, inshRAUREERR, DY AAHIOR): BROBIEH efhFISFARRUNT ham for host
cells of the invention that corﬁlg)i ns reduced }E)r no muélijtbstﬂ% %Jmi mal - '
derived detiwativés(maieby atitiratimvéthd hybrfid meduledrofrtht invertion fia@¢iakous
agents, such as _viruses and prions, the use of animal by-products in

f er ment aRR éhl that bidsmethydmalpeylf o dnstead obmalonyldundsirtda bybsidni ni st er ed

to h ' \ f _ f ti di t hat

cont ai noeaiyle BahaPo s SilatRl CBARNSlente FaGhmalonel EoA4he Buch med & i s
I ded ' ne-] ' . ' fat.t I d

Pont a1 neg i hett-8,9 dehpardBldIAHGng beliDauy Y EMACDy uliBafon be i nifia), 2! °°

sour ce, smuchilas of thé antenticarthaxhara BH aHE IR #dieadief AN B, D Wid RIEZLE can
be obtained commercially. Moreover, one can replace an annal -derive

mat er i al amifyhthat spedfieaimabenylyToh drsteaid of nuethymalonybCoAYpaid/ Basior om a
non- ani nal urc g&r engrélz_)rl (cal cafi tone, which is a pancreatic
epothilone D. Other pr ed novel epothilones of the invention include those

described in Example 11 and below.

[197] Inone aspect of the present invention, compounds of the following formula

are provided Whereiﬁ:
RY, R? R3, RS, R, and R2 are each independently hydrogen, methﬁ or
ethyl;
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digest of casein, a mlk protein, can be replaced with a 43/@elebsi80é of a
“protein froma non-animal source, including but not linted to a plant,
such as a vegetabl e- derived protein hydrolysate. 65 28 Cct ober 2004 WO

- 01/ 83800 F"@rglqu 13793 [191] Generally, fed-batch processeetase/mef erred
for fermentation. Feeds force the cells to use nutrients efficiently (for
exanpl e, the cells netabolize carbon dowmm to CO2 and H2O i'nstead of

generating toxi ani,e _acids).. .High nuytrient |evelg ca repress
secondary net a%igl]?e'ys%?&gnarq ¥ dﬁggﬂ?ﬂ%bﬁ&‘?‘g@@dgya{ﬂw “H Bt rate bel ow
t he threshpbfha@fvelynhi bition, production can be higher. [192] The
fermentation nethdds of the invention also include nethods rel ated

specifically t®the Rirtogedict énmeh capiebitd:doasd@ile bghaent ati on nmedi a usef ul
in those nethods. As one exanple, propionate and acetate can be used to

i nfluence theRépoaydioges, Dethyloor &h4); ratio and the titers of epothilones
‘obt ai ned. Wileg_,thi effect is. mnimal in the preferred nethyl

ol eat e/ trace mﬁ"’t3 QPQSRI% h‘?"iﬁhﬂ‘)gﬁ%@ tegethgeiant e sarhomraghon double bond
signifi Ca?faﬁf%’sffd Ln other nedia, such as CTS . nmedium Increasing

amounts of acetateTn the fernentation nedia can increase. Myxococcus
growt h and epomiiégﬂq;ﬁ(gducti on. Acetate alone increases epothilone C (or
epothilone A) titers dramatically, and reduces epothilone D (or '
epot hi | one. A) W ist@rax NRFophereR@ isthpdtogtop€: Qb aliphiidd sy leRodlltylaeyie Thi ters
and at high _concentrations can reduce tglté?er S. Homgver,&g)r’opi onat € and
acetate t 2 Al compaymndsrefdormiulml aregprorpdechivhenein®Y B2, R?, R4, :
epot hi |l on ] i ( epot.hi ] one ) e, preferred nmedjumfor
the prod ug?’ﬁ%fnkdfl&gg‘%{}%]ibﬂo@q @%’n iaﬁéwc%iatsaﬁ‘é?ﬂc%i Ragderslymrovided 30 mv
propi onat g,at NetHadt SROLARDI ) B3l g fhia ' can reduce production
of epot hi | Gne Calgtn l?é;r%ﬁtgal?gdgg’gf %)%ioc;ost:%%tsh xggg?fus cell's that produce
epot hilones C and D. Trace netals can al so enhance epothilone D production

and increase epothilone D:Cratios in the presence of acetate and w thout
any oi| i H98heln anotber embodiment, sonjpiasidskfdopnekehard prosidédwhetsia

provides met hoﬂi I{Z?{QS,%%H IEMIagg eath ;'[chielp%?l(calgnIljrr %r}]rqdrogen or methyl;
R*and R are each independently hydrogen, hydroxyl, or oxo;
R® and RS are both hydrogen or together form a carbon carbon double bond;

R7and R are both methyl;

R® and RY are both hydrogen or together form a carbon carbon double
bond;

Ar is heteroaryl; and,
W is O or NR® where R is hydrogen or Ci-Cs alkyl, provided that at least
one of R, R%, R3, RS, R? and R1 is not hydrogen.

[199] Inanother aspect of the present invention, compounds of the formula
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fermentation media and for preparing crystalline forms ofyegobbhilepge. I n

general, the purification nmethod involves capture of the epot hi I one onto * -
XADreS|n durln fermentation, elution fromthe resin, solid phase
extracti 8P t ogr aphy, and cr ystal lization. The net HGEMS@"H@%H bed

in detail in Exanple 3, and while the 66 28 Oct ober 2004 WO 01/ 83800

PCT/ US01/ 13793 nethod is preferred and exenplified for epothilone D, the
nmet hod can be used to prepare crystalline epot hi l ones general ly, including
but not linmted to other naturally occurting ggothllones and the
epot hi |l one anal ogs produced by the host d of the invention. [194]

Thus, in another enbodinent, the press ovi des novel

epot hi l one derivative conmpounds iRni 0 gur 1 fied forms useful in
agriculture, veterinary pragtice, |and [ ’ nbodi nent, the
conpounds are useful as fungiveigess.., Lr t, the conpounds

are useful in cancer chenotherapy. nb0| ment, the conpounds -

are useful for the prevention of uf§esi . griQwt h, i ncl udi ng but not
limted to the treatenment of. hyperprgfli i Wy di Seases such as

i nfl anmati on, autoi mmune di sease, and , and to the prevention
of cell gromh in stents. In a preferr@d podi Wwent, the conpound is an
epot hi l one deri vatl ve that is at |east as potent against tunor cells as
epothilone B or D. In another enbodi meri{, the conpounds . are useful as

e o et ok anh B A cekdviseiomond ﬁ%ma@?ﬁﬁ%&%&“ Shel "
e manuf actu y e
conmpounds are B r e or lution oK admi ni strat to a
human or ani %‘I ﬂuii ﬁg?ﬁ%%% gﬁﬂfl |hf 6’%8 ] eﬁ?a %1E hf'nl

i nventi on, aSRﬁﬁhHI@fSt g@&aqgﬁhméﬂggﬁcgﬁr%%&%@ Ohlae host cells of the
i nvention, can be derivatized and fornmulate escrl bed in PCT patent
publ i cation N&is Bpdadya] meiiyl 99@thyl; 98/ 08849, 98/22461, 98/ 25929,

09/ 01124, 99/ 02514, 99/ 07692 99/27890 09/ 39694, 99/ 40047, 99/ 42602,
99/ 43320 99/ Réend R grahatishyduysenandogedies {330 a @gbascabon double bond -

or an epoxide;

Ar is aryl; and,

W is O or NR1 where R'3 is hydrogen or Cy-Cs alkyl. In another
embodiment, compounds of formula I are provided wherein R4, R5, Ré, R, RS, Ré;
R10, R12 R13, Ar and W are as described previously provided that at least one of R¢,
R3, RS and R? is not hydrogen.

[200] In another embodiment, compounds of formula Il are provided wherein
R#and R? are each independently hydrogen, hydroxyl, or oxo;
R® and R¢ are each hydrogen or together form a carbon carbon double bond;
R7 and R12 are both methyl; '
R# and R are both hydrogen or together form a carbon carbon double
bond;
Ar is 2-methyl-1,3-thiazolinyl, 2-methy}-1,3- oxazolinyl, 2-hydroxymethyi-
1,3-thiazolinyl, or 2-hydroxymethyl-1,3-oxazoliny}; and,
W is O or NH provided that at least one of R%, R?, RS, and R%s not hydrogen.
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99/ 67252, 99/ 67253, and 00/ 00485, and U.S. Patent No. 5, 96X Qasber@fh of
“which is incorporated herein by reference. [196] Conpounds of the
i nvention include the 14-nethyl epothilone derivatives (made by
“utilizati QHOBHBML hybrid nodule 3 of the invention that heGI/HRINB7®hat 67
28 Cctober 2004 WO 01/83800 PCT/US01/ 13793 bi nds net hyl mal onyl CoA instead
of mal onyl CoA); the 8,9-dehydro epothilone derivatives (nmade by
utilizatign of the hybrid nodule 6 of the invention that has a DH and KR
i nstead o 2033 - BRrangiher aapeqtRf the present imvention.aesupolndsoftbeifounidees  (made -
by utilization of the hybrid nodule 5 of the invention that has an AT that
bi nds net hyl mal onyl CoA instead of nalogﬁﬂ CoA); the 9-hydroxy epothilone
derivatives (made by utilization of thektwybr nodul e 6 of the invention
that has a KR instead of an ER, DH, an A the 8-desnet hyl - 14- net hyl
epot hil one derivatives (nade b}ﬂ&tik' the hybrid nodule 3 of the
invention that has an AT Qﬁ;ygkfﬂg ggﬁkinstead of mal onyl
CoA and a hybrid nodule 6t Xy s ad of nethyl mal . onyl
CoA ); the 8- desnethyl-8,9-dehydro ep i 1 gne, derli vati ves (rmade by
utilization of the hybrid nodul e @ of ' |
instead of an ER, DH, and KR and an
of methymal onyl CQOA); and 9-oxo- epot her preferred nove
epot hil ones of the invention include ribed in Exanple 11 and
bel ow. [197] In one aspect of the present invention, conpounds of the
following formula O OH 0 | are providedlhherein: Rl, R2, R3, R5, Rll, and

R12 arg'eglgehprlor%(ilggc?g&ee%ilny hydr.ogen., met hyl or ethyl; 68

mal onyl CoA i nstead

R%, R?, R3, R5, R, R are each independently hydrogen, methyl or ethyl;

R® is hydrogen; alternatively

RS and RS together form a carbon carbon double bond;

R? is hydrogen, methyl, or ethy]; |

Ar is aryl; and,

W is O or NR® where R is hydrogen or C;-Cs alkyl. In another
embodiment, compounds of formula IlI are provided wherein R1, R2, R3, RS, R6, R7,
R, R12, R13, Ar and W are as described previously provided that at least one of R1,
R, R6, and R1! is not hydrogen.

[202] In another embodirment, compounds of formula Il are provided wherein
RY, R%, R3, R are each independently hydrogen, methyl or ethyl;
R5 and RS are both hydrogen or together form a carbon carbon double bond;
R? and R*2 are both methyl;
Ar is 2-methyl-1,3-thiazolinyl, 2-methyl-1,3-oxazolinyl, 2-hydroxymethyl-
1,3-thiazolinyl, or 2-hydroxymethyl-1,3-oxazolinyl; and,
W is O or NH provided that at least one of R1, RS, R6, and R1ljs not
hydrogen.

[203] Inanother aspect of the present invention, compounds of the forrmula
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28 COct ober 2004 WO 01/83800 PCTI US01/ 13793 R4, R6 and RO 28rQctelprR004

i ndependent |y hydrogen, hydroxyl, or oxo; alternatively R5 and R6 toget her -

forma carbon carbon double bond; R7 is hydrogen, nmethyl, or ethyl; R8 and
R10 are DY RAVEBH ogen or together form a carbon carbon do@EFAIVYRINE3 or an
epoxide; Ar is aryl; and, Wis 0 or NR13 where R13 is hydrogen, C-Clo
aliphatic, aryl or alkylaryl. In another enbodi nent, conpounds of formula
| are provided wherein R, R2, R3, R4, R5 R6, R7, Rs, RO R10, R11l, R1?
R13, Ar and Ware as described previouslyproviged that at |east one of

R, R4, R5, R6, RO and R1l' is not hydrogg 1 Iq anot her enbodi ment,
conpounds of formula | are pgQvided wg RR' R3, and R' are each

i ndependent |y hydrogenléﬂﬁqéth | ;

hydr ogen, hydroxyl, or oxo; N6

carbon carbon doubl e bond; 7 and R1P

drog®H or together forma
pfljhyl ; R8 and Rl are both
[ d; Ar is heteroaryl;
and, Wis 0 or NR13 where R13 is hydroggf Cl ¢S al kyl, provided that at
| east one of RlL, R4, R5, R6 RO and Rl1ln~ . Air ogen. [ 1991 I n anot her
aspect of the present invention, conpoumlds O g fornmula 69 28 Cct ober
2004 WO 01/83800 PCT/US01/13793 0 OHO_ I X R4, R6 and RO are each
i ndependent |y hydrogen, hydroxyl, or oKé;

are provided wherein

R4 is hydrogen or oxo;

R5 and R are both hydrogen or together form a carbon carbon double bond;

R7 is hydrogen or methyl; o

R? is hydrogen or hydroxyl;

R# and RY are both hydrogen or together form a carbon carbon double bond
or an expoxide;

Wis O or NH;

XisOorS and

R js methyl or hydroxymethyl.

[204] In another aspect of the present invention, compounds are of the formula

Rl 4_« I
N

R is hydrogen or oxo; .
RS and R? are each independently hydrogen or methy};
RS is hydrogen;
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RS, R11, R12 are each independently hydrogen, nethyl or e8Hydtpber 2004
“alternatively, R5 and R6 together forma carbon carbon double bond; R7 is
hydrogen, methyl, or ethyl; R8 and Rl are both hydrogen or together forma
© carbon caWaLgwabl e bond or an epoxide; Ar is aryl; and, Pétiuso013093 NR1L3
‘where. R13 is hydrogen or Cl-C5 alkyl. In another enbodinent, conpounds of
formula Il are provided wherein R4, R5 R6, R7, R8, R9 R10, R12 R15 Ar and
W are as described previously provided that at | east one of R4, R5 R6 and
RO i s not Riypuddij@are b@bdydmoganor hegethabfimea oarbororapbon deuble batdot an | |
are provided erein R4 and R9 _are each _independently hydrogen, hydroxyl,

or oxo; RSPgxigeraltemmatizalyn KR pndddagerher foran padouble keadcar bon carbon doubl e
bond,; R7Bgm R‘i‘FZ ar e b%h inet h%l,; R3 and R10 are both hydrogen or together
forma carboh ¥ %ﬁf‘als ELOR8RY: A s 2-met hyl - 1, 3-t hi azol i nyl, '
2-methyl -1, 3- §azold . 2-hydroxynethyl - 1,3-thiazolinyl, or 2

hydroxynet hyl -1, 3-oxazolirnyl; and, Wis O or NH provided that at |east one
of R4, R5, R6, Xap® BPSsambt hydrogen. 70 28 October 2004 WO 01/ 83800
PCT/USO /13793 [201] - In another aspect of the present invention,
conpounds of t B senethiyhoohpdraxymethgl.pr ovi ded wherein Rl, R2, R3, R5, R11,
R12 are each independently hydrogen, nethyl or ethyl; R6 is hydrogen;
alternatively Rs and R6 together forma carbon carbon doubl e bond;

[205] Inanother aspect of the present invention, the following compounds are

provided:

S N S . H —4
<3 <
N e 1, ..\OH ] o o, ,.\OH
| O 0

O OH O O OH O
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R7 is hydrogen, nmethyl, or ethyl; Ar is aryl; and, Wis G&pctbaOfifere R13
is hydrogen or C1-C5 alkyl. In another enbodi ment, conpounds of fornula o
1l are provided wherein Rl, R2, R3, R5, R6, R7, Rl1l1l, R12, R13, Ar and W
are as d¥4EeVEEY previ ously provided that at | east one of PRI/USOIAB793R6, and
R11 is not hydrogen. [202] In another enbodiment, conpounds of formula Il °
are provided wherein Rl, R2, R3, Rl1l are each independently hydrogen,

met hyl or ethyl; R5 and R6 are both hydrogen or together forma carbon

carbon doubl e bond; R7 gnd R12 are both nethyl; Ar is

2-met hyl - 1, %thlazollny R -1, 3 (0)'¢ oI|nyI t hyl -

1, 3-t hi azal 2 ' zgl i nyl , 1 s]0 or NH

provi ded théﬁl&é@ !{6}1 R6 %m\z’ﬁ},s enoH 203] In -
anot her aspecCt of thg present¥i nvEntion, mpounds Of t he rmufa 71 28

Cct ober 2004 WO 01/ 8g8 11413793 0 OH O N agp prQvi grein - R4

I s hydrogen or o0xo; ? R6 affe both hydrogen or t rma carbon -
car bon doubl e bond,; A1 soypydrggen or nethyl; RO is or hydroxyl;

R8 and Rl are both hydrogen or ?oget her form a carbon carbon doubl e bond
or an expoxide; WsOorNH, XisOor5;and R14 is nmethyl or hydroxynethyl.

[206] The compounds of the present invention are cytotoxic agents and may be
used in any suitable manner including but not limited to as anti-cancer agents. An
illustrative assay for assessing the degree of cytotoxicy and tubulin polyermization

is described in Example 12.

[207] The compounds of the present invention can be made using a number of
methods. In one aspect of the present invention, the compounds are produced by
recombinant host cells that express an epothilone PKS. In one embodiment,

compounds of the formula
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[ 204] In another aspect of the present invention, corrpounthg 00Llhe
“formula 0 OH O R4 is hydrogen or oxo; R5 and R7 are each 1n ep entI
hydrogen or nmethyl; R6.is hydrogen; 72 28 Cctober 2004 WO 01/ 83800

- PCT/ USOl / 08533880 and R1 are both hydrogen or together for RCEUSArX98 car bon
" doubl e bond or an epoxide; alternatively, R6 and R8 together form a doubl e
bond; R9 is hydrogen, hydroxyl or oxo; WsOorNH XisOorSjand Rl4 is

met hyl or hydroxynmethyl. [205] In another aspect of the present invention,
the foll ow ng conmpounds are provided: O 700;0HO0 OHOO0OHOO0OO0OOHO
OH O 73 28 Cctober 2004 WO 01/83800 O O—IR

g

O OH O

Vv
(where R! through R'? are as previously described for formula I) are made by
altering the AT specificity at one or more modulgs and/or altering the enzymatic
domains at one or more modules. Examnple 11 describes the types of modifications

and specific compounds that may be made using this method.

[208] In another embodiment of the present invention, oxazole counterparts of
formula V can be made by modulating the fermentation conditions of the host cells
that would normally make compounds of formula V. The thiazole moiety of

-compounds of formula V is derived from the binding of cysteine at the NRPS. '
Epothilones Hy and Hy, which are the oxazole counterparts to epothilones C and D,
is made by host cells in trace quantities and is believed to occur from the

occasional binding of serine instead of cysteine at the epothilone NRPS.

[209] The present method takes advantage of the apparent competition of serine
with cysteine at the NRPS binding site of the epothilone PKS and uses
fermentation conditions to favor the binding of serine instead of cysteine at the
epothilone NRPS. It has been found that by growing host cells in mediam that is
supplemented with serine (e.g. 50 fold increase above basal levels) results in the
production of mostly oxazole-containing compounds instead of the thiazole-
containing compounds that are normally produced. Consequently, recombinant
host cells that are enginéered to make a particular epothilone compound or

compounds of formula V can be grown in medium that is supplemented with
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and O 0 PCT/ USO1/ 13793 OH O OH O [2061 The conpounds of t380¢pberifd

I nvention are.cytotoxic agents and may be wused in any suitable manner Yo
including but not limted to as anti-cancer agents. An illustrative assay
for asse¥QWPBMWe degree of cytotoxicy and tubulin pol yer REFAISPHIST93 s
described in Exanple 12. [207] The conpounds of the present invention can

be made using a nunber of rret hods. In one aspect of the present invention,

t he conpounds a &_(rlﬁ%duced rec n st . cel s t hat express an
epot hi | off¢EES 8 SBSEHARAW aV@BE%% ugion fQUIHErpEg it ober

2004 WO gg ?} };3 3 0 OHOV (where thhrough R12. are as

previ ousﬁ‘glg%g%grl éggé@ orgr{u?I al) are made by altering the AT

specificity at one or nore nodul es and/or altering the enzymatic domains

at one or nore nodul es. Exanple 11 descréﬁgs IR% types of nodifications
R

and specific conpounds that nay be naggsu hi s thod. [208] In another
enbodi nent of the presentO ent | 2 parts of fornula V can -

be made by nodul ating f eff ment gt i Rk |condi<ki of the host cells that
woul d normal |y nmake conpo of el | azOH noi ety of
conpounds of fornula V is derived fr L ndi f cysteine at the NRPS.
Epot hil ones H1 and H2, which are the{bxa ntekparts to epothilones C

and D, is made by host cells in trac
fromthe occasional binding of serine

nste (ii_lof cysteine at the epothilone
NRPS.

VI

[210] In other words, the present method is a simple and elegant way of obtaining
two compounds, one corresponding to formula V and its counterpart

corresponding to formula VI for the price of one. The serine supplementation .
method for making oxazole-containing compounds is described in greater detail in.
Example 13. This example describes the conditions that were used to decrease the - -
levels of epothilones D and C that is normally produced by strain K111-40-1 to

favor the production of epothilones H» and Hj, the oxazole counterparts to
epothilones D and C respectively. Other recombinant constructs that make other
compounds of formula V of the invention can be grown using similar conditions to-

make compounds of formula VI.

[211] Inanother aspect of the present invention, compounds are produced using a
- method referred to as chemobiosynthesis. This method uses an epothilone PKS

that has been altered in such a way so that the PKS accepts and binds a synthetic

precursor at a designated site. The synthetic precursor is then processed by the

- PKS in the normal manner from that point forward.

[212] An illustrative example of the types of alteration required for
chemobiosynthesis is described in Example 9 which describes the construction of a
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[ 209] The present nethod takes advantage of the apparent 28dqsehdr 20&h of
serine wth cysteine at the NRPS binding site of the epothilone PKS and
uses fernentation conditions to favor the binding of serine instead of

* cysteine MOWHEWepot hil one NRPS. It has been found that DSCHPSRIAE3NoSt
~cells in nediumthat is supplenented with serins (e.g.. 50 fold increase
above basal levels) results in the production of nostly oxazol e-contai ni ng

R o KB LGkt TerLop B suip Kl Hsatn (aF PEPALY Tip@uCHAPIEOHGre B, ke
i il d d f f | \V b i

U { B, SREDIUS AR RARAHAC A fsd BN B R S a1 "

PCT/ US01/ 48#9%: 6€&ttBRISOMbARe 2 B8 $8a15RBR& Bk P@WJ@&NH% E%rgagf@ﬁ'ct ion of

oxazol e counterparts, the conpounds of fornufFa VI: [210] In

ot her wor psyceshihepredeant ofthehrdvicisansdajesetheridadirggddmairpind thoRRFENI ng
two conpounds, one corresponding to formula V and its counterpart

cor r esponvhighisconsidened exterrdsr mpdulerl)c £ wtsequentlyithe F&S-digected

suppl ement at.i on ..  .netphod: I ng _oxazol e- cont ai ni ng,.conpounds i s
descri bedsxrﬁhﬁﬁ%ﬁ?gfahﬂ}%ﬁﬁﬁﬁk‘gm E‘Ez% L QNG PERGYGAS t he
conditio f*"ﬁﬁﬂ - | |l ones and C
that is nglratrjrlgl ys\e%%gd uce ll[l%;!/h %??%ﬁ%%é &f%%ﬁpgb%dfe}?%cﬁ%%bﬁ%@%f %%&%Sn of
epot hi | onggaitids prelvitied wikle a@yafiedtR: HrRuRisRr R isnitd thepRidiick 0P 1Badfth C
respectively. her reconbi nant constructs that nmake ot her conpounds’ of

f or mul a \Womaithend axtendenmakide BsoghattheuACRpfsixtender moddld 2 binglstthe- nake
conmpounds of for

mul a. Vi 211] In another aspect of the present_invention,
conpoundsPECEISOF 3adBE P&ﬁ_[ EpCgssehA PRCTEP e RO iRt POTRL FOROBFOSHOR hesi 5.
Thi's met h&%n*ﬁ@?p%i&ﬂ%tt@fellg%%kgﬁtsstam of Example 9 with the synthetic precursor

S 0O
—QNIL)\"/ S \/\N)k
H
O

results in the production of epothilones B and D (epothilones A and B are also -

produced but in trace quantities) as described in greater detail in Example 10. See
also Figure 1. In another example providing the knockout strain of Example 9 with

the synthetic precursors, for example,

R
N O
N 0
o= | 7 ,
NS N | S
O

0
where R is hydrogen, hydroxy, halogen, amino, C1-Cs alkyl, Ci-Cs hydroxyalkyl,
C1-Cs alkoxy, and C1-Cs aminoalkyl, more preferably hydrogen or methyl, results -

in the following epothilone compounds



that has been altered in such a way so that the PKS accepjgsogtgger%@gs a .
synthetic - precursor at a designated site. The synthetic precursor is theh ~
processed by. the PKS in the normal manner fromthat point forward. [212]
An il usWA83800exanpl e of the types of alteration requirBErAUS#1/13793

chenobi osynthesis is described in Exanple 9 which describes the

construction of a 76 28 Cctober 2004 WO 01183800 PCT/ US01/ 13793 KS2

knockout version of a M xanthus strain that nornally produces epot hil ones

A, B, C, and D as major prjoducts. A KS2 knockout refers to an inactivation
of the KS dorﬁi n of exten dule 2 so that the resulting PKS is unable

to load and p ss tjhe t he previ ous nodul es, the | oading domai n
and the N SELEQJLS exddnder nodule 1). Consequently, the
PKS-directed fgyntfesi s )

epot hil one product is ade

thie ACP of extender nodule 2 and no
strain in the absence of a synthetic
precursor. However, when
precursor, it mmcs thepro

inis provided with a synthetic -
t ®f the loading domain and extender nodul e

| so that the ACP of extender nodule 2 Wirnsis the precursor and the PKS

processes the precursor fromthat point forward. For exanple, providing

t he knockout strain of anple 9 with the synthetic precursor 0 S N~Z~-N.H

results in ¢t product 4 pot hil ones B and D (epothilones A and B are
also pr oci\{c‘ﬁe\bﬂji n antdghi es) as described in greater detail in
Exanpl e 10.% al’s

strain of BXBnple 9

~Thn anot her exanple providing the knockout
synthetic precursors, for exanple, R IN % n

and their 12, 13-epoxide counterparts respectively.

[213] Thus, by varying the synthetic precursor, a single KS2 knockout strain can
be used to make a wide variety of compounds. In fact, the strain described in
Examfle 9 can be used to make compounds of the formulas

O OH O
vl VII

and

where Ar is aryl and R7 is hydrogen or methyl by providing it with synthetic

precursors of the formula

N S\/\N)]\

Tustrative examples of suitable Ar groups include but are not limited to
78 -




N.~ ONNONS\~~ It H Owhere R is hydrogen, hydroxy, 28aDaglesn 20841 no,

= Cl-C5 al kyl, G -C5 hydroxyal kyl, d-C5 al koxy, and C;-C5 ammi noal kyl, nore
preferably hydrogen or nethyl, results in the foll ow ng epothilone

* conpounds WO 0E8®ct ober 2004 WO 01/83800 PCT/ US01/13793 0 Eti/vsand7end
their 12, 13-epoxide counterparts respectively. [2131 Thus, by varying the
synthetic precursor, a single KS2 knockout strain can be used to nmake a

wi de vari-ety of conpounds. In fact, the strain described in Exanple 9 can

be used to makp conpoungs of thegformulag R7 0 G O VII angl R7 0 OH O VI 11
where Ar is ary@?%ﬁromr, rreﬂ?(}_bgl p_?@i;ng : -$h
synthetic precu rs of e Tor | PHdstT ati e arrp;@o sui tabl e
Ar groups inclncg,but &e not liggted to
. = = g .:'>/ R =N R =
DA 7R A A
R R : R R
R/YN S N, S o N O E N~ N~
207 7 A 04 1
lsgisaivedsodves
R R N? &
3
sogselseb o g
® O
F .
where R is hydrogen, hydroxy, halogen, amino, C3-Cs alkyl, C3-Cs hydroxyalkjl,
C1-Cs alkoxy, and C;-Cs aminoalkyl. In more preferable embodiments, R is

hydrogen or methyl. Example 10 describes the synthesis of various precursors and

their use in chemobiosynthesis and their 12, 13-epoxide counterparts respectively.

[214] In another embodiment, a loadmg domain knockout is used to make certain
compounds of the present invention. For example, a loading domain knockout of
the starting material used in Example 9 can also be used to make compoundsof -
formulas VII and VIII by providing synthetic precursors of the formula

Ar\rs\/\,‘“/lk

[215] In other embodiments, KS2 or loading domain knockouts of other strains of
the invention are made including but not limited to those strains described in

- Example 11 and used to make compounds having aryl moieties other than 2-
methyl thiazole. For example, feeding synthetic precursors of formula IX to a KS2

79



78 28 Cctober 2004 WO 01/83800 R, _n R, -c R H PCT/ usod} P50 Ry R..
i- R~ R SHNSRHN/oYNOYNNgRZR S HNJ RN Noml/ 11~ where Ris )
hydr ogen, hydroxy, hal ogen, amno, C-C5 alkyl, C -C5 hydr al kyl Cl-C5
a koxy, WQI0IGBSWES ami noal kyl. In nore preferable embodi rreWEE’% {93
hydrogen or nethyl. Exanple 10 describes the synthesis of various
precursors and their use in chenobiosynthesis and their 12, 13- epoxide

counterparts respectively. [214] In anot her enpodi ment adi mai
knockout kneckm#of acomskuctibat makes pregyning ‘Pﬁ@'eﬂoé@‘é%ef)'«@ﬂ{gqsb‘ff For
exanpl e, _a | oadi ng gg}x}s@ knockout of the startl ng material used in
Exanpl e n €QIRPATRAES B make conpounds-of. fornulas VII and VIII by

provi di ng synthetic precursors of the forrmula [215] In other enbodi nents,
KS2 or | oadi ng domai n knockouts of oth strains g t he invention are nmade
including but not limted to those st »“ied in Exanple 11 and
used to make conpounds having adqyl eties otHer than 2 nethyl thiazole.
For exanple, feeding synpjetic ngecursors of f nul\@HC to a KS2 79 28

Cct ober 2004 WO 01183800 P 01+t a construct that nmakes

predom nantly 9-oxo-epothilone D onpounds of the formula O
OH O X where Ar is aryl. '

where Ar is aryl.

[216] Inanother aspect of the present invention, compounds made from host cells
expressing an epothilone PKS can be further modified using biological and/or
synthetic methods. In one embodiment, compounds of formula I where Az is

_<\215 or _é::lg

can be hydroxylated at the C-21 carbon using a microbially-derived hydroxylase. -
Protocols for effectuating such a transformation are described for example by PCT
Publication No. WO 00,/39276 which is incorporated herein in its entirety by

reference, and by Example 14 herein.

[217] Inanother embodiment, compounds of the invention having a carbon-
carbon double bond at the positions corresponding to C-12 and C-13 of epothilones
A-D can be epoxidated using EpoK or another P450 ep.oxidase. A general method
for using EpoK for epoxidation is described by Example 5 of PCT publication WO
00/31247 which is incorporated herein by reference, and by Example 15 herein.
Alternatively, the epoxidation reaction can occur by contacting an epothilone
compound containing a double bond at a position that corresponds to the bond
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[216] I n another aspect of the present invention, conpoungd)dsse 2000om host
~cells expressing an epothilone PKS can be further nodified using

bi ol ogi cal and/ or synthetic nmethods. In one enbodi nent, conpounds of _

* foornula | WherEs® is N N or can be hydroxyl ated at the C RAT/B&0IGTI3USi ng a
“mcrobially-derived hydroxyl ase. Protocols for effectuating such a
transformati on are described for exanple by PCT Publication No. WO

00/ 39276 which is incorporated herein in its entirety by reference, and by
Exanpl e 1betweeasi carbpi-12]andraghon A3 to ewbbuirerohcellsciap oxymabssesfa fumetionzlkent i on

an 15 BRndboondionlbancate Baerpontealimistelbrcer nenatnso.
Eanpi o SPfteBEN o FRICHRS i SR ST o B T Rk B R B0 by
ref er ence coffath R¥ufetiml %Péﬁﬁﬂﬁ{eeﬂdlyketﬁié %&éé@gyﬁgy ugegqé RN

reaction can occur by contacting an’ epot hi’l one contalning a

doubl e bomhyebe madediyt intagen@biscohdresperutanbee iftgationsirBtheXpothil @ePK3004
WO 01/83800 PCTI US01/ 13793 between carbon 12 and carbon 13 to a cul ture of
cel | s t hagebg ks dsingpeatite. Guch mepaixcarsoeturgsithizallynGyiigh magebe found

nmyxobact efi um Sotangi um cel |.ul osurn. I n_particul arl preferre

eobod mon P SRR g e binm S eebbeRhsteh Riehaianm  cont ai n
a functio | %ﬁ%ﬁ" syntahasg: (1 y e ains my
be made b;@@%i&g%iﬁiééfgsﬁg% e o lﬁg‘?g}f{m FA eﬁ %ﬁ%gﬁ F%Séuég%? ifﬁ‘lf S )
gene rendgfrairls WitRRATAbp¥ALvELPDINLIRIPES @Hoﬂ@%%o%@éﬂb‘iﬂaﬁd&mﬁch may be
found by screening) or can be"directed using either nutagens such as
cheni cal sdescribed g BCTgrmldicabipnddae@0/31247i pul ation. A particularly

effective strategy for malting strains with an inoperative epothilone PKS
I s honol ogous reconbi nati on as described by PCT publication WO 00/31247.

Lot ot | E21%1 "B aR 80T eltndelt 1RO LLARHRR feBAEH Ol BRGNS s 13inA
methods. For example, as shown by Scheme 2, desoxy compounds of the
invention can be transformed to the epoxy counterparts by reacting the desoxy
éompowlds with dimethyldioxirane.

SCHEME 2

C OH O

Example 16 describes this syn_thétic method in greater detail.

[219] Inanother embodiment, the mac:rolacf_ones of the invention can be -
converted into macrolactams of the invention. As illustrated by Scheme3, a desoxy
macrolactone of the invention is epoxidated using dimethyldioxirane as previously

described by Scheme 2 to provide the oxycounterpart.
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nmet hods. For exanple, as shown by Scheme 2, desoxy conpoudddictefer2aed

I nvention can be transfornmed to the epoxy counterparts by reacting the
desoxy conpounds wi th di nethyl di oxi rane. SCHEME 2 . Exanpl e 16 descri bes
this synWei/%84pet hod in greater detail. [219] In anot her PERMBSON/IBEM , t he
macr ol act ones of the invention can be converted into macrol actans of the

i nvention. As illustrated by Schene3, a desoxy nacrolactone of the

i nvention i s epoxidated using dinet hél di oxi rane as previously described by .
Scheme 2 to provide the oxycount er p2¢HEME 38 (ct ober 2004 WD 01/ 83800
SCHEME 3 0 OH O 0 OH O PCT/ US01/ 13793 The oxy-macrol actone is treated with
sodi um azi de and tegralgs(triphenyl phosline) pall WA

and formthe azido hcid. .me azidg i,s then redyces |
to formthe arff i
Wis NH cédpe

'The oxy-macrolactone is treated with sodium azide and tetrakis(triphenylphosline)

palladium to open the ring and form the azido acid. The azide is then reduced

with trimethylphosphine to form the amino carboxyacid.

[220} Epoxy-compounds of the invention where W is NH can be made from the
macrolactamization of the amino carboxyacid.
SCHEME 4

EDC), HOBt Ar

————

WCl,n-Buli, THF Ar
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WO 01/ 83800 PCT/ US01/ 13793 As shown by Scheme 4, the ami @8 Quessx0%tid is
“treated with 1-(3- dhnet hyl am nopropyl)-3-ethyl -carbodiimde and

1- hydroxybenzotriazole to form the epoxy-nacrolactam The

" desoxy- nad¥? 8138fbm can be made by treating the epoxy- nacPOI/HSA3TM t h
tungsten hexachloride and butyllithium [2211 Epoxy-conpounds of the

I nvention where Wis NR13 and R 3 is not hydrogen can be nmade by treating

t he am no carboxyacid wt n al dehyde and_  sodi um cyanoborohydri de prior
to nacrol ﬁ%ﬂ%ﬁY@ﬁh@éﬁEﬁE@WW@!@W@ﬂmﬂglﬁ* WCl n-BuLl 6,

{reated wiikeAnAamR oRy IR S A8 Ao OR R b e AR ROl rfomm °
Subst | Ut e a8t U TAC LR miBGIRLAR A RO YA

deoxygenat ed ‘as “descri bed previously in Scheme 4 to prov

desoxy naepokpaharelasten eviltl farigstarohestyHicriiknand Bagdlithhensynt heti ¢ et hods
for.mking the nacrol actans of the invention are also described in greater
detail by the Exanples 17-19. Exanple 17 describes the formation of the

am no 20 o} oy Botnphindy of hE v diRich wherd W sk 5l RS 1Sk
- hydrogen can be made by treating the amino carboxyacid with an aldehyde and
sodium cyanoborohydride prior to macrolactamization.
SCHEME 5

‘EDCI, HOBt
—— e ——

O OH O O OH O

As shown by Scheme 5, the amino carboxyacid is treated with aldehyde, R1¥HO,
- and sodium cyanoborohydride to form a substituted amino acid which is then
macrolactamized and optional’ty deoxygenated as described previously in Scheme

4 to provide the epoxy and desoxy macrolactams where R is not hydrogen.

[222] The synthetic methods for making the macrolactams of the invention are
also described in greater detail by the Examples 17-19. Example 17 describes the
formation of the amino acid using 9-oxo-epothilone D as an illustrative starting
material. Examples 18 and 19 describe the formation of the epoxy and desoxy

macrolactam versions of 9-oxo-epothilone D respectively. Examples 20 and 21
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material. Exanples 18 and 19 describe the formation of th® @gaewet 2904 desoxy
macr ol act am ver si ons of 9-oxo-epothilone D respectively. Exanples 20 and 21 =
83 28 Cctober 2004 WD 01183800 PCT/ US01/ 13793 describe the formation of the
epoxy and"Q&YEBNP substituted macrol actam versions of 9- oRETAREYMPHne D
respectively. [223] A conposition of the present invention generally
conprises an inventive conpound and a pharmaceutically acceptable carrier.

The inventive conmpound . may be free form or ere appropriate as

phar nace Et&F‘é‘%e}l’? &%@E@ﬁf‘% Ioi t@%ﬁpw ?ﬂéges%ﬁé%%@@aﬁla% versiansand
esters of ) ' 1., 1The conposition may be in any suitable
formsucr?fgg&s‘?o%y : é}é‘%ﬂs:o g%m%rly‘l iquid form See Pharnaceutical Dosage
Forms and Drug Delivery Systens, 5th edition, L ippicott Wllians & :
W1 kins (1991) which is incorporated herein by reference. In general, the = -
phar mace223jalA pompasitionaf the preseob irndentivreg@terally eomprishe andar@asnsls of

the invention as an_active ingredient in adm xture with an organic or

i nor gani €oBWIqunst ans} a hatprestticaliytasteptabler carsien r Fa¢ invantieaiompound

par ent er al | i cation. .,The active ingredient maql&e Co nded, f.or

exanpl e, X ﬁg&ﬁz@%ﬂglﬂlw}?ﬁﬁﬂ’&?waﬁ? rfﬁ?a”d'&ﬂ“?@é‘%/ %Q?@g%ﬁ?i% VaEve®r s
for tabl : ﬂ:%; A5k | £5: . eg, solutions, _
enul si ong?lél’slagg’!éér)m s’s%@%%tsg%}d%éﬁﬁ fo%?r]ﬁ{lglﬁﬂeg(gqﬁeﬁg’%ﬁame. The carriers
that can be used include water, glucose, |actose, gum acacia, gelatin,
mannitol, starch paste, nmagnesiumtrisilicate, talc, corn starch, Kkeratin,
col | oi dafTheidongeosition atay Ist v ay, suitable fama snches solid, seaisolid, drdlbdf or use
in manufacturing preparations, in_solid, sem-solid, or liquified form In

addi t i onforrauee Phaymacessicrl Ppsge Forrakand hyusddeliesy Systamadieditiond
an 1 nvenbrocaB B e SR (B SRRN o BRo e R py et /8 7 1

Akt i enge | Mo ' ks, typically
used as g@éﬁf@f(}%ﬁm i na?%trﬂ%uh%g%ﬁéﬁbﬁtgﬁmsol u%i eor%r%rg%{g&%{/\eﬂseer, because
Cr enophocomjpotmidscdthe tvebtionasigoadtiveringtadiont Blddrabiure AAPOSL bigic t hat

mnimze or elimnate Crenophor(r) are preferred.
or inorganic carrier or excipient suitable for external, enteral, or parenteral

application. The active ingredient may be compounded, for example, with the
usual non-toxic, pharmaceutically acceptable carriers for tablets, pellets, capsules,
suppositories, pessaties, solutions, emulsions, suspensions, and any other form
suitable for use. The carriers that can be used include water, glucose, lactose, gum
acacia, gelatin, mannitol, starch paste, magnesium tisilicéte, talc, corn starch,
keratin, colloidal silica, potato starch, urea, and other carriers suitable for use in -
manufacturing preparations, in solid, semi-solid, or liquified form. Inaddition, -
auxiliary stabilizing, thickening, and coloring agents and perfumes may be used.

[224] In one embodiment, the compositions containing an inventive compound
are Cremophor®-free. Cremophor® (BASF Aktiengesellschaft) is a
polyethoxylated castor oil which is typically used as a surfactant in formulating
low soluble drugs. However, because Cremophor® can case allergic reactions in a
subject, compositions that minimize or eliminate Cremophor® are preferred.

Formulations of epothilone A or B that eliminate Cremophor® are described for
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Fornul ati ons of epothilone A or B that elininate CrenmphotqPytobere08éscri bed
“for 84 28 Cctober 2004 WO 01183800 PCTIUSO /13793 exanpl e by PCT

Publ i catign WO 99/ 39694 which is incorporated herein by reference and may
* be adapt ed"P B with the inventive conpounds. [225] WhePETEBMII32% e,
the inventive conmpounds may be fornulated as m crocapsul es and
nanoparticles. General protocols are described for exanple, by

M crocapsul es and Nan%pé]%r,t icles_in Zbdi ci ne_and Pharmacy by NMax Donbr ow,
ed., CRC $xagapiebyddol Faglicaiyon W) 98482614 which is imaqrpergteddiesgin by70:  and

5, 662, 883 i are all incarporated herein by .teference. By increasing
the rati oreg&e“s‘ﬁgr]?%% may be %(gart'%sgg?)’f H??emn?‘htg‘?én?%‘?% SATBRENFY ow for t he
oral delivery of conpounds that would not otherw se be anenable to oral
delivery. [226] The inventive conpounds may al so be fornul ated using other.

net hods t[aas] Waeee able; the islentiveednipsunl dvwnag befobinidatdd ugs . . For
exanpl e, the conpounds may formenulsions with vitamn E or a PEGyl at ed

deri vat i vidiqrpeapsslessandinanapastidles hGenerad ool amdlesorivad 6awhianipley by -
ol ssof ved rosgoateashGopietore s o n ERardncy b Ber ESPIPess * nar
remved (50150 B COCRIS Y R ean g PP R B VO SnfbR0BRLS o

oral routwhicf are@l ilkGriporhtedherdindy Rifeizal B?hereasi'hg“cﬁbffﬁﬁo BP&@AsLE ating
t he inventive conmpounds in |iposones. Methods”for ormng |1 posones as

drug del iareayo vehime,dhese formmilatidnzoatiow fot the aral delBudryadf compoiaidsciblas

i ncl ude those_described by U. S. Patent Nos. 5,683,715; 5,415,869, and '

5, 424, 07 W GRIGEROLetkerisg enableke erad delivesr.er ence rel ating to anot her
relatively low solubility cancer drug taxol and by PCT Publication WO
01/10412 which is incorporated herein by reference relating to epothilone

B. O th [ s ddoRis Loyl = i pd ds
For maki M3 ahor Ty T e ge SO a kS I foRAal Bl Sy ol i B i 12
and pol ydidvd lsraginseivusiiensed foriew soliilsiliepdyhgp Eanbamsly) dehvagpamde.

Exanpl e 22 provides an illustrative protocol
may form emulsions with vitamin E or a PEGylated derivative thereof as described

by WO 98/30205 and 00/71163which are incorporated herein by reference.

Typically, the inventive compound is dissolved in an aqueous solution containing -
ethanol (preferably less than 1% w/v). Vitamin E or a PEGylated-vitamin E is .
added. The ethanol is then removed to form a pre-emulsion that can be
formulated for intravenous or oral routes of administration. Another strategy -
involves encapsulating the inventive compounds in Hiposomes. Methods for. -
forming liposomes as drug delivery vehicles are well known in the art. Suitable -
protocols include those described by U.S. Patent Nos. 5,683,715; 5,415,869, and -
5,424,073 which are incorporated herein by reference relating to another relatively

- low solubility cancer drug taxol and by PCT Publication WO 01/10412 which is -

. incorporated herein by reference relating to epothilone B. Of the various lipids .
that may be used, particularly preferred lipids for making epothilone-encapsulated

- liposomes include phosphatidylcholine and polyethyleneglycol-derivitized
distearyl phosphatidylethanolamine. Example 22 provides an illustrative protocol
for making liposomes containing 9-oxo-epothilone D, the general method which,
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for meking |iposones containing 9.-oxo-epothilone D the gengaped: 268k hod |
whi ch 85 28 Cct ober 2004 WO 01/ 83800 PCT/US01/ 13793 can be readily adapted™ =
to make |iposones containing other conpounds of the present invention

[227] YetYQRRAY method invol ves fornul ating the inventi VETEBMHERs usi ng
pol ymers such as polyners such as bi opolynmers or bioconpatible (synthetic

or naturally occurring) polyners. Bioconpatible polyners can be

categori zed_ as bj odegradabl e and non-bi odegr adabl e. Bi odegradapl e pol yners
degrade FAMPRYEAdLY adapteaipmarkespesneeeniREHpS sthersompe 0@#19--

manuf act yr nd i nplant structure. Illustrative exanples of synthetic
pol ymrsﬁrﬁ%ﬁgﬁéﬁbﬁ%nhydri des, pol yhydroxyacids such as polylactic acid,

pol ygly, colic acids and copol yners thereof, polyesters polyam des
pol yort hoesters and sone pol yphosphazenes. Illustrative exanples of

nat ur al | J225 c Ofet angtipe nyethod innclved éomnalatingstheritventpod yrapohads demgsuch as
col  agen, hyaluronic acid, albumn, and gelatin. [2281 Another nethod T

i nvol ves Pobyipgrseauichgstdymenpeiahues bippphangrseathiocompatibla/(spnthetictay a

pol ymer that  enhances ueous solubilit - anpl es qf suitable - . polyners
e ude PPl FEETaREAR eSS ploghmatibls PEAER R CAn AR 38 |
acid), p - ' >4 d | ' AAry tic .
2o ). pardacerad b A A et BRI iy me e e 1 PR o
havi ng nalfaeutien of Wetkitbs chRposibnaatithod o WRatahl] arddinfRGtare. - - .
preferred, wth nol ecular weights between about 20,000 and 80, 000 bei ng

nor e pr estuuchdealidustrdtive eraineplel af symihghit pdiptnessinchibdepolyanipdridas, 60, 000
bei ng nost _preferred. The. polyner is_conjugated via an ester |inkage to
one or molYxdPEXHFids suchas pph%@fm agad prlyalicols agidsidioqpalywess as
essenti al descri bed hy,U. S, . Pat ent 0.0, 977,163 | I § I ncorporated.
or of - byAYiSPEFENG s Dplyaides HlgorthBestei i s Al CRateRBReR be

i ncl ude VS LS m Rs4n ' fs - erivatives -
of the ptrﬂélgsent inventﬂ%%.&%ﬁher %ﬁ%&%gﬁﬁﬁsmﬁnkg et eaﬂgdr'oxw of f .
car bon 3 pobybactieanitebsaxilasebllagen iymhifronic acid, albumin, and gelatin. L

[228] Another method involves conjugating the compounds of the present .
invention to a polymer that enhances aqueous solubility. Examples of suitable-
polymers include polyethylene glycol, poly-(d-glutamic acid), poly-(-glutamic-
acid), poly-(l-glutamic acid), poly-(d-aspartic acid), poly-(l-aspartic acid), poly-(l-
aspartic acid) and copolymers thereof. Polyglutamic acids having molecular
weights between about 5,000 to about 100,000 are preferred, with molecular |
weights between about 20,000 and 80,000 being more preferred and with
molecular weights between about 30,000 and 60,000 being most preferred. The.
polymer is conjugated via an ester linkage to one or more hydroxyls of an
inventive epothilone using a protocol as essentially described by U.S. Patent No.
5,977,163 which is incorporated herein by reference, and by Example 23. Preferred
conjugation sites include the hydroxyl off carbon-21 in the case of 21-hydroxy-
derivatives of the present invention. Other conjugation sités include the hydroxyl

off carbon 3 and the hydroxyl off carbon 7.
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86 28 Cctober 2004 WO 01/83800 PCT/US01/13793 [229] |n ar8tPiebergdPbd, the

" inventive conpounds are conjugated to a nonoclonal antibody. This strategy

allows the targeting of the inventive conpounds to specific targets.

~ General pMRBEEBY for the design and use of conjugated ark¢HDMIESTS e
descri bed in Mnoclonal Antibody Based Therapy of Cancer by M chael L.

Grossbard, ed. (1998) which is incorporated herein by reference. [230] The

anount of active ingredient that may be conmbined with the carrier

mat eri al s[2281 p enmsithed cthe deeeiveramppiunds/areycomprgated fyaupon t he
subject treated and.the particul ar de of adm nistratioon. For exanple, a
fornul ati H}?nloﬁﬁ’mfﬂf‘?‘é\ 0 &gf@t%ﬁhgﬁ‘i’%gh%ﬁr&%%f) PRENEYR ent i ve .
conpound | [y referally from
about 5 %%b%d%é@%@(ﬁ%ﬁ%g%tg%éﬂgr%@? g&ﬁﬁ@éﬁ%ﬁ%&ﬂgﬂgﬁﬁ& nt r avenous
formulat i engugked drtdiodidd ate deberiing ﬁﬁmw@emﬁpmt%oa?tﬂbs@amsw op0 fold
with normal "saline or 5 dextrose solution prior to uSe. [231] I one
aspect of CaheerpryelNbichael hyGmossbard,tede (1998pmthivie iscionprpordteddiearelisiegd to treat
cancer. In one enbodi ment, the conpounds of the present invention are used
to treat EPNEBE& of the head and neck which include tumors of the head,

neck, nasal cavity, paranasal sinuses, nasopharynx, oral cavity, .
oropharynx, |arynx, hypopharynx, salivary glands, and paraganglioms. In

anot her e [ [aYceale] e ls r dto

treat cang%fgg gﬁg%ﬂgﬁﬁ \(/)(g:rg andﬂ{%ﬁ?ﬁg}%r@éj ngéﬂﬂcﬂu%g%%gﬁa o%lgl | ul ar
car ci nomamakerils e pescereosingkidosagadort UePentity RHE6S K stbjp@Nt i on
are used to treat_intestinal cancers, particularl'y colorectal cancer. In
anot her ehBalgdmnet thetpraticalap seedisobidmingstratien.cHor exareple) afomnelatisador o .
. treat ovarian cancer- |n another enbaodi gﬁnt, t he corrpourlfls of. the present

i nvent i ontT4FAYSROHS USQ compxises a Qi of the ysntiwegompound ranging fomer . 1 n
anot her eg@(?gi t ' t r sed to
treat breas cle?glgéfn.lﬁ Pﬁaano{ Eer %%é%ﬁ&%@c%ﬂ%g%%gygﬁ ’iec'n present -
- mg/mlL, and more preferably about 10 mg/ml.. Intravenous formulationsare
typically diluted between about 2 fold and about 30 fold with normai saline or 5%:

dextrose solution prior to use.

[231] In one aspect of the present invention, the inventive compounds are used to
treat cancer. In one embodiment, the compounds of the present invention are used
to treat cancers of the head and neck which include tumors of the head, neck, nasal
cavity, paranasal sinuses, nasopharynx, oral cavity, oropharynx, larynx,
hypopharynx, salivary glands, and paragangliomas. In another embodiment, the
compounds of the present invention are used to treat cancers of the liver and
biliary tree, particularly hepatocellular carcinoma. In another embodiment, the
compounds of the present invention are used to treat intestinal Canc;ars,
particularly colorectal cancer. In another embodiment, the compounds of the
present invention are used to treat ovarian cancer. In another embodiment, the
compounds of the present invention are used to treat small cell and non-small cell
lIung cancer. In another embodiment, the compounds of the present invention are
used to treat breast cancer. In another embodiment, the compounds of the present

invention are used to treat sarcomas which includes fibrosarcoma, malignant
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invention are used to treat sarcomas which includes fibrd8Q%¢NHR20al i gnant

87 28 Cc
enbryona
ost eosar
sar cona.
used to

i L e
| YTDNoD! SR LA LK hofTBeart |

| ynphoi d

| ynphonegofBpai darcSmby T AnGther @pthadiarht, theaphgsirelslafithe

t ober 2004 WO 01/83800 PCT/ US01/ 13793 fibrous histiocytons,

| rhabdomysocarcoma, |eionysosarcoma, neurofibrosarcoma
WHAL838Yhovi al sarcomm, |iposarcomm, and al veol ar PFCEERVIFA%

"~

I n anot her enbodi ment, the conpounds of the present invention are

treat neoplasns of the central nervous systens,. particularly

i iall APELIRHR Qi AP Aveb
| Ssue e, m-nt%é%&??/lnphona,' -Clsgid?ieage | ar ge cgéliil

.[232] The nmethod. conprises adm nistering a therapeutically effective

anount oinvemtionmarentseddodmapvanplasmsHf shvrentralanervens sgptemspaziiqularly The

nmet hod may be repeated as negcessar ither to contain (i.e. prevent
further BraitwcAnces: 1 Frare Oéﬁ‘i%e‘{ta m@%ﬁ%ﬁ&vpr&%{@ﬂﬁ%ﬂ%@%

or ot h ;“ﬁ'aédg&ﬁééﬁgigﬂgﬁ?%ﬁ%ﬁ%g@%gﬁg%2@%@5%?@5%56029;%6;3?;?:“S
g&ﬂk’hﬁ%ﬁ@ﬁ"ﬁ{*@a 122. SHoATH Rdladityngtioh GRuddsal @Rstiatédhe of .t he

| proliferation, reduction in the size
I}&ﬂphbi@ﬁséuﬁﬂqm]ilmmaﬁnhhﬂa cell lIyimmphbara, Bdiresigpdarge calld i nhi bi tion

Pat hol og
foll ow n
of the
of tunor
i nventio
inventiv
wth, pr
medi cal

in the c
t her api e

achieved. [2341 In oné enbodi nent, the conpounds and conpositions of the

pr esent

f

angi ogenesi s. .
tyrophotre, Baekitt's lyrophemaaand d-eellanaplastic largarelbymphensa. t he
e conpounds and conpositions can be adm ni stered concurrently

lor to, or subsequent to- one or nore other desired therapeutic or

R na e FRern bl edAblig iniS Ry PR @il ARefiFy AR o -

andhdéMivOESESIunEToAILde sOffafing drorh keneae IHecmeftoeinalybee
repeated as necessary either to contain (i.e. prevent further growth) or to eliminate

the cancer. Clinically, practice of the method will result in a reduction in the size

or number of the cancerous growth and/ or a reduction in associated symptoms
(where applicable). Pathologically, practice of the method will produce atleast -
one of the following: inhibition of cancer cell proliferation, reduction in the size of
the cancer or tumor, prevention of further metastasis, and inhibition of tumor -

angiogenesis.

[233] .The compounds and compositions of the present invention can be used in
combination therapies. In other words, the inventive compounds and
compositions can be administered concurrently with, prior to, or subsequent to-
one or more other desired therapeutic or medical procedures. The particular
combination of the_rdpies and procedures in the combination regimen will take into
account compatibility of the therapies and/or procedures and the desired

therapeutic effect to be achieved.

[234] In one embodiment, the compounds and compositions of the present

invention are used in combination with another anti-cancer agent or procedure.
88

&delnt | ynphona.

2331 The conpounds and conpositions of the present



i avention are used in conbination wth another anti-cancerg @&shir 2004
“procedure. 88 28 COctober 2004 WO 01/83800 PCT/ US01/13793 Il lustrative
exanpl es of other anti-cancer agents include but are not limted to: (i)
“al kyl ati n¥YPE80such as mechl or et ham ne, chl oranbucil, CORCUYPSVERTEN de,
Mel phal an, Ifosfam de; (ii) antinmetabolites such as nmethotrexate; (iii)
m crotubul e stabilizing agents such as vinblastin, paclitaxel, docetaxel,
and di scodernolide; (iv) angiogenesis inhibitors; (v) and cytotoxic
anti bi ot i Bustrattveasadyples abbihen antismncemagrinty inchidobyicare natihited esnyDi n.
Illustratiye_exanpl es of ot he%qﬁnti_ cancer procedures include: (i)

Ll n

sur?ﬁry;‘ ' ?%t %ﬁe’?"&hﬁsr& ?thh?jnmﬂbh}f?_ﬁhuéﬂ:fgﬁt@lﬁﬁbyw t
venti on N EhdRR tor At D ARER SR BT P el (D R b o
pot ent i-al-'stabﬂ%ngﬁg&%%ufzﬁ Maéﬁl‘(,ﬁ%dﬁ’a&eﬁ QiR Qﬁg%‘&gm&]{oﬁgﬁgﬁfﬂ as

di arrhea, nausea nd vomting. D arrhea may be treate eal

-agent s suahgiagengiioirddbit¢s; (7) anddsitomxidamtitsotuy biedteas dbstcrabidon and
| oer am de%ﬁ, bi smuth subsalicylate, and octreotide. Nausea and vomting may
be tr eat ethdriamyein), ibdearmycinagiad mitemyhina Jiluseative examples of mthecdrdir ani de,

di phenyhydram ne, loraze ndansetrqnp, _prochl orperazine, .

Lhi et hyl peraeT Reccedtiresimichids: () sirgesy: (aadlatherpy: tnd 6) phetodynsenigdes
pol yet hoxﬂ&;ﬂﬁg castor oil such as Crenophor(r), pretreatnent with. . |
corticosterols such as dexanet hasone and net hyl predni sol one and/ or Hi

ant agoni sts such as di phenyl hydram ne HC and/or H2 antagoni sts may be used
to mtigate anaphylaxis. Illustrative fornulations for intravenous use and
pr et r eat nf236] r byanethes embe diment, ithe doimp oxdsphdsopdpasiioRSof #epaesdnte! v.
[2361 In another aspect of the present invention, the inventive conpounds
are useditVentipaare weed dnreEbmatiosy Wwihan sgant or preerdurete mitigatayotentialil ar

hvent 1 orbic e R R RO und OF cORERRIB et ax Pelhaachpeene
cellular aAIRSHAEALT THARANES Pk bé Gettd VEN SN RBAIUYhES s LbiBkisSK! N

to formel evated,
(e.g. codeine, diphenoxylate, difenoxin, and loeramide), bismuth subsalicylate, and

octreotide. Nausea and vomiting may be treated with antiemetic agents such as
dexamethasone, metoclopramide, diphenyhydramine, lorazepam, ondansetron,
prochlorperazine, thiethylperazine, and dronabinol. For those compositions that
includes polyethoxylated castor oil such as Cremophor®, pretreatment with.
corticosteroids such as dexamethasone and methylprednisolone and/or Hy
antagonists such as diphenylhydramine HCl and/or H; antagonists may be used
to mitigate anaphylaxis. Ilustrative formulations for intravenous use and

pretreatment regiments are described by Examples 24 and 25 respectively.

[236] Inanother-aspect of the present invention, the inventive compounds are
used to treat non-cancer disorders that are characterized by cellular
hyperproliferation. In one embodiment, the compounds of the present invention
are used to treat psoriasis, a condition characterized by the cellular
hyperproliferation of keratinocytes which builds up on the skin to form elevated,
scaly lesions. The method comprises administering a therapeutically effective

amount of an inventive compound to a subject suffering from psoriasis. The
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scaly |l esions. The nethod conprises adnm nistering a ther &8Uttblesa|2004
effective anount of an inventive conpound to a subject suffering from
psori asi %g 'ghgs(?gQ 28 Cctober 2004 WO 01/83800 PCT/ US01/ 13793 net hod may be
repeat ed B2 8B sary either to decrease the nunmber or sePEXUSPUEIT3 | esions

or to elimnate the lesions. dinically, practice of the nethod will result

in a reduction in the size or nunber of skin | esions, dimnution of

cut aneous_s tons. (pain, hurning and bl eeding of the affected skin) and/
or a redd{“?‘%{? WW&&%E?%F @5 NECFRSADhBLReE t@.‘{éc}"%ﬂsﬁ ¢ BHRthes orjgeverity of

swel I'i ngj.4i . ' 1N )y | ogi cal,l racti ce of the
et hod o PR Sl PR P es Rl Crini Ry Bifish b e mRiiRP0 Wil o
ker at i noGy#RCctRIPIN iR #d SPnufder of LR 10dioAX] AnliRhliBAR thehabhe E;[y,in&‘?{BﬂE' &
by inmpacting on: attraction and growh factors, antigen presentatron, _
product i dpain§ bueringianel biegding ofthe affecteddkirgtaridy orh abdeint @i H36&80ed and .
i nhibition of dermal angiogenesis. [2371 |In another enbodinment, the
conpound$YBIPtPRE (ﬁ&}ﬂ@ﬁgr‘? thent, swellingediarthea; pbdomialtpaink scl erosis, a

A ough PRI BRREEY ety SR SRR AR SHes oni the fall v

under st @@tk ' TAg M aYols . r Lol '

accuml aty ot B krafi oL e ferpoRSiaRE b o oRir oo B - here 1
macr ophags: bacinhyactingadd atiracinasd fg_rchﬁH &%_@&s?&ﬁﬁ%éﬂ %réé’@h oS at

| east partially fesponsible for degradation of the my2lih sheath The

met hod c@rpdisiaen efirdactive exygen spedies apbutattahetallopfateiniages)pamiint  of an

i nventive compound to subject suffering fromnultiple sclerosis. The
met hod éh‘?réﬁgg UANZFREEEEWry to inhibit astrocyte proliferation
and/ or | essen the severity of the |oss of notor function and/or prevent or.
attenuate chronic progression of the disease. Clinically, practice of the
met hod W337]r ¢ bhbttie dnbddiRie IHRFontSbuticHGH the YR St ek fhre 38 to

di plopia), "gait disorders (weakness, "axial i1 nstability, sensory 10Ss,
spasti ci teat hydtiptedderosispa conditidndmradtedead byiprpgressivieal 1@ dnyin
dysfunction (weakness, spasticity, sensory |oss), ~bladder dysfunction

(ur gency the heaine Aldnugh thesagimgchanisospiveclyedrip the fagp of myelin are not

understood, there is an increase in astrocyte proliferation and accumulation in the

areas of myelin destruction. At these sites, there is macrophage-like activity and -
increased protease activity which is at least partially responsible for degradation of
the myelin sheath. The method comprises administering a therapeutically -
effective amount of an inventive compound to a subject suffering from multiple
sclerosis. The method may be repeated as necessary to inhibit astrocyte
proliferation and/ or lessen the severity of the loss of motor function and/or
Prevent or attenuate chronic progression of the disease. Clinically, practice of the
method will result in in improvement in visual symptoms (visual loss, diplopia),
gait disorders (weakness, axial instability, sensory loss, spasticity, hyperreflexia,
loss of dexterity), upper extremity dysfunction (weakness, spasticity, sensory loss),
bladder dysfunction (urgency, incontinence, hesitancy, incomplete emptying),
depression, emotional lability, and éogniﬁve impairment. Pathologically, practice
of the method will result in the reduction of one or more of the following, such as
myelin loss, breakdown of the blood-brain barrier, perivascular infiltration of

mononuclear cells, immunologic abnormalities, gliotic scar formation and
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depression, enotional lability, and cognitive inpairment .2883¢tpbird§ftal iy,
“practice of the nmethod will result in the reduction of one or nore of the
foll owi ng, such as nyelin |oss, breakdown of the bl ood-brain barrier,

© perivascuM@01EBM tration of nononuclear cells, inmmunol ogPCT/ABHA3AM ities,
gliotic scar formati on and 90 28 Cct ober 2004 WO 01/ 83800 PCT/ USO1/ 13793
astrocyte proliferation, netall oproteinase production, and inpaired
conduction velocity. [2381 I n anot her enbodi nent, t he conmpounds of the
present i agencytepraliferaticay metallopreteinake prodwitibra antl dintpagredecomdiurtionst em
chronic, relapsing, inflanmatory di sease that sonetines |eads to

dest’ructi d -ankyiosis of affected joints. Rheumatoid arthritis is
characterized by a marked thickening of the synovial nenbrane which forns
villous projections that extend into the joint space, nultilayering of the
synovi ocy{z3dyi Mh Aflofiey RRbdREN AL, M hbﬁﬁﬁlﬁwr& thé Ei-ésbhf AvedBioflart M8ed ¢
synovi al "nenbrane with white bl ‘ood cel'l’s (macr ophages, |ynphocytes, plasna
cel I's, andreak yhpimaidid atthritises mudtibystedmachronhief teiﬂpmhg,rmﬂamatdry%éeas@nd
dep03|t| on of fibrin _ wth cellular necrosis within the synovium The

ti ssue foithafdometimesicads todesthaionand askyiosisefaffegtedjaints. Bheumateidt ual | y
LZ&B?E”T‘;%:%@% 5 %ﬁ%raeéeg@sﬁiﬂ%#%&5%3%&%2%52@3%‘&%‘%&“@@@%' g gm%“f ek s C
Cratri x il BEGE Hrtiel B6nihal SRR WeoitSpRA tnyfifa G‘%fﬁé?”es

medi at or s sghotioeyteliding (@i odhe p?é]&fe(‘aﬁ:&) irlEER6R Of BRS @ﬁdiﬁal
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ue. The pannus j nvades the articul ar
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The pannus develops an extensive network of new blood vessels through the -

process of angiogenesis that is essential to the evolution of the synovitis. Release
of digestive enzymes (matrix metalloproteinases (e.g., collagenase, stromelysin)) -
and other mediators of the inflammatory process (e.g., hydrogen peroxide,
superoxides, lysosomal enzymes, and products of arachadonic acid metabolism)
from the cells of the pannus tissue leads to the progressive destruction of the
cartilage tissue. The pannus invades the articular cartilage leading to erosions and
fragmentation of the cartilage tissue. Eventually there is erosion of the
subchondral bone with fibrous ankylosis and ultimately bony ankylosis, of the

involved joint.

[239] The method comprises administering a therapeutically effective amount of
-an inventive compound to a subject suffering from rheumatoid arthritis. The
method may be repeated as necessary to accomplish to inhibit synoviocyte
proliferation and/ or lessen the severity of the loss of movement of the affected
joints and/ or prevent or attenuate chronic progression of the disease. Clinicaily,

practice of the present invention will result in one or more of the following: (i)
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an inventive conpound to a subject suffering fromrheunat2fi Gctabert®004i s. The
met hod may be repeated as necessary to acconplish to inhibit synoviocyte °
prolifer%i on_and/ or | essen the severity of the |oss of novenent of the

af fect ed WP and/ or prevent or attenuate chronic progPETHOHIFO3 ¢ he
disease. Cinically, practice of the present invention will result in one
or nore of the following: (i) 91 28 Cctober 2004 WO 01/83800 PCT/ US01/ 13793
decreased' n the, severity of synmptons (pain, swelling and tenderness of

af f ect ed 2ecHase in thayavierly of sympiems (}fwakmgﬂmgmd temdlernensofaffectedei ght -
l oss); (L. ease j.p. the severity.of clinical si f the disease
(1t Eicen oS FEOTERE ofifipedsl fraRbets, Rtidhe, AoRdE wships) gl ectesoanon

soft ti S$HE &M Kk ; ﬁgég@hﬁ ﬂﬂ\fg: : ' fixed
joint defor Fq’n ty)t?ad(ffcl | ; dsei%?'gggy‘?ﬁm% e xt;(g-a ﬁ?ﬁ?é@ﬂggﬁ%ﬁégﬁg?’%s of
t he di se&g@etﬂthghﬁ;ﬁjbhﬁ efft@irg Softusae bohiractubes, debdbYed AR motion, -
interstitial fibrosis, pericarditis, episcleritis, iritis,” Felty's

syndr onme ankglasisard Siked joint deforinity) plipdeareadednithe guirneyrtienkdr dur at i on of .
id ims)g?f rGre ﬁ%ﬁéﬁ%%g%ﬁ%ﬁg&%&é%&%m: M} ggg‘éless hr oni ¢
T s gL B AT S RS 11
infla mmt(ﬁ? ¥ndr@sROnIPe frdduend ahdRIbARAT O dIseaRE }%;é},{% s%hgﬁdnq_ra@ ory

cytoki nes (such as IL-1, TNFa, FG-, VEGF); (iil) ‘
sy. . novi geyicelsp{v) ipréeertiornof fixed jmpaivivieint and disability: andjeirgid)opr ot ei nase

activity, and/ —or (v) inhibition of angiogenesis. [2401 In another
enmbodi merevenHiony ipsegressiomafthe disease Katbolagicallyhr eat -

g .
at heroscl ergsi s d/or restengsis, ..particularly in patje whose. bl ockages
may be tPé%?%C& %@ﬂPﬁ?ﬁ%ﬁ&b‘{Fﬁﬂaﬂ (g?]fgf(é‘#ﬁc.e %ﬁ?@&?@ﬁ?é@)&%@%&hr onic
vascul ar jek-+d R WPlaehinS : . BYr C\H nmuscle cells
("VvsMC') diegﬁtaﬁéehgﬁ ery, waﬁE§ r%ﬁ’%lﬁgb{hﬁi nar P@%cdgrﬁégﬁﬁglﬁ%l ar tone
regul at i hgfdheedo kiiisi{gech 0HI-T, TNFAFGRVECBY @i BnhbaiGebs | | ke
behavi or. These V beconme abnormally proliferative, secreting substances
(growt h syneviosyteprofiferation Gupinhibitionafmastrix metalloproteinase activity, and/

or (v) inhibition of angiogenesis.

[240] Inanother embodiment, the compounds of the present invention are used to
threat atherosclerosis and/ or restenosis, particularly in patients whose blockages
may be treated with an endovascular stent. Atheroschlerosis is a chronic vascular
injury in which some of the normal vascular smooth muscle cells ("VSMC") in the -
artery wall, which ordinarily control vascular tone regulating blood flow, change
their nature and develop “cancer-like" behavior. These VSMC become abnormally
| proliferative, secreting substances (growth factors, tissue-degradation enzymes

and other proteins) which enable them to invade and spread into the inner vessel
lining, blocking blood flow and making that vessel abnormally susceptible to being
completely blocked by local blood clotting. Restenosis, the recurrence of stenosis

or artery stricture after corrective procedures, is an accelerated form of

atherosclerosis.
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and ot her proteins) which enable themto invade and sprea$ Oebbert20e4 i nner
vessel lining, blocking blood flow and malting that vessel abnormally
susceptlble to being conpletely blocked by |ocal blood clotting.

" Rest enosi sWOME3408currence of stenosis or artery strictur BCEUSer/13793

corrective procedures, is an accelerated formof atherosclerosis. 92 28
Cct ober 2004 WO 01/ 83800 PCT/US01/13793 [241] The nethod conprises coating
a therapeutlcal |y effective amount of an inventive conmpound on a stent and
del i ver i nd2¢He Eheomethal corapuisecamtinga thergpdutically effergvé anivife ot A f rom

at heroscl erosis. Methods for coating a _stent with a conpound are descri bed
for ex arrpllﬂvf}y:‘vq}:@lpp%éﬁ’é‘ Agent @cgéshw:maﬂaﬁ genbip thegliseasal artecyin g,

i 1 | of th
Por | ow ng “PEIF R bronf ¥R bR iesbis, NiFGES fofsoaientSal Pifume. sever ity
of clini C&bm;&hﬁ'[tﬁa&fdésﬁﬁbgdfﬁaéém zb'HXtU@P fe%%g\édsgﬁggﬁsg%ﬁg&@s%n of

restenosis; or-(iv) prevention/ att Ion o

at her oscl éﬂ(mcdly, prattivel afghe présent pivasitionewill rdsif iRRSHMbRAVEItHhON W | |
produce at, | east one of the follow ng at the site of stent inplanataion:

(i) decr edSkowing:KB ingrepsashanterigl blped dii) dedrpaserinithe severityfof (EiMial
cel | - acouRiatae Sintase i et o8 i e obfRotenoRtsBE G
S ni o e ifithy qfehbtibh o B CIURAN DR resch R BPAMeSORI ol o7 Gi sor der
M0/ 2 o ahou 800 T e o UL PIeSEE IRDertich Bl prldate A IcstaRIHE

sui t abl & ﬁ@llm@mgaia@msmeﬂflsmamplmamonc(mdemmmthélﬂﬁﬁlmn(ai‘oﬁy 1 hour, 3.

hours, 6 hours hours, 48 hours or 72 hours) every week, every two
weeks. or T g@ﬂ&é&& N esReaetion Oﬁxmalﬁlbmememasi?,s, {oyever,

vari et Ceo?"’?f’i‘i et éﬁ?*ﬁf’ﬁb%?’sslﬁ%?& BlaicihaRt (9 s ien Eﬁrﬁﬂzﬁ&”f e
;:ﬁgpound @mhgyﬁqe dbBBi2e8mataagdy wei ght, general health, sex, and diet of
[242] In one embodiment, dosage levels that are administered to a subject
suffering from cancer or a non-cancer disorder characterized by cellular
proliferation are of the order from about 1 mg/m? to about 200 mg/m2 which may
be administered as a bolus (in any suitable route of administration) or a
+continuous infusion (e.g. 1 hour, 3 hours, 6 hours, 24 hours,- 48 hours or 72 hours)

- every week, every two weeks, or every three weeks as needed. It will be
understood, however, that the specific dose level for any particular patient -
depends on a variety of factors. These factors include the activity of the specific
compound employed; the age, body weight, general health, sex, and diet of the
subject; the time and route of administration and the rate of excretion of the drug;
whether a drug combination is employed in the treatment; and the severity of the
condition being treated.

[243] In another embodiment, the dosage levels are from about 10 mg/m? to-
about 150 mg/m?, preferably from about 10 to about 75 mg/m? and more

preferably from about 15 mg/m? to about 50 mg/m? once every three weeks as
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subject; the tine and route of admi nistration and the rat2d (adtolzx@f@4i on of,
the drug; whether a drug conbination is enployed in the treatnent; and tht =
severity of the condition being treated. [243] In another enbodinent, the
dosage | VRPYSRFPL from about 10 ng/n2 to about 150 ny/ nPPCHUSPEIEMy from -
about 10 to about 75 ng/n2 and nore preferably fromabout 15 ng/nR to
about 50 ng/nR2 once every three weeks as 93 28 Cct ober 2004 WO 01/ 83800

PCT/ US01/ 13793 needed and_as tol erated. |n another enbodi rent, the dosage

| evel s ameededandgsileratedyin gnather desegalsvelsargframabout 0

e
EPSHL %;/ e e do aborb P/ A REEEtR: Bahat 1L R Pk alipne m%ﬁ%%hilf’"“t
. .
pr of er by Pars SREESRBY B4 SoalDs Tk I Ay S B e O U om
about 10 vigdiisag needadatill a8 folerdted. Loaa6they embotkflengtheceRBage ddisfisre

tolerated. In another enbodinent, the dosage |evels are fromabout 0.1 to. -

about 25 fromy/abdut pmeg And i gbdutdi®lahg/m2opreierabhbrom abouindmg) ahtb nor e
preferably fromabout 1 ng/nR t oyt 10_ny/ ongce_daily a needed and
tol erat ed p!zi&plgo(ora%m F&H%E%%F%ﬁﬁ’&ﬁ?ﬁ‘@bollﬁgg%e‘ﬁ?f‘%ﬁiﬁ)ﬂ‘a?/f%ﬁ‘lngé’é% -
provi ded above,.the . foll ow X r Lven for the rpo of

Pl P ust r atre vy Brek anporitbhr 56 Bladled ) AofBer slbodieRtiahe0efis ng
i m tatl 98yQiatd RoRFARRON M‘ﬂ)dd%%ﬂi{u/%}oﬂﬂ,%refé@bﬁﬁfroﬁ%élﬂ@ﬁ@&é GBSkt HEt i on
of a Myxococcus xantl zus Expression ctor’ [245] “The DNA providing the :
I nt egr at img/aRdndtherdprfdrablintbirpabatt Ingy smeabowd 10 img A @thce daitly as
comerci all'y avail abl e pACYC184 (New Engl and Bi ol abs). An -2360 bp

M el - SmaneededaptdslaratedPl H343, described in Salnmi et al., Feb.. 1998, J.

Bact. 180(3):.614-621, was isolated and ligated to the | arge EcoRI-Xml
restriction

[244] A detailed description of the invention having been provided above, the

foﬂomﬁng examples are given for the purpose of iltustrating the present invention

and shall not be construed as being a limitation on the scope of the invention or

claims.

Example 1
Construction of a Myxococcus xanthus Expression Vector

[245] The DNA providing the integration and attachment function of phage Mx8
. was inserted into commercially available pACYC184 (New England Biolabs). An

~2360 bp Mfel-Smal from plasmid éPH{MS, described in Salmi ef al., Feb. 1998, J.

Bact. 180(3): 614-621, was isolated and ligated to the large EcoRI-Xmnl restriction
_fragment of plasmid pACYC184. The circular DNIA thus formed was ~6 kb in size

and called plasmid pKOS35-77.

J246] Plasmid pKOS35-77 serves as a convenient plasmid for expressing
recombinant PKS genes of the invention under the control of the epothilone PKS
gene promoter. In one illustrative embodiment, the entire epothilone PKS gene
with its homologous promoter is iriserted in one or more fragments into the

plasmid to yield an expression vector of the invention.
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fragment of .plasnid pACYC184. The circul ar DNA thus for ddeker2804b in
“size and called plasmd pKOS35-77. [246] Plasmd pKOS35-77 serves as a
convenient plasmd for expressing reconbinant PKS genes of the invention

* under the WOR3BPO of the epothilone PKS gene prompter. | nPGHESOYIBIStrati ve
enbodi nent, the entire epothilone PKS gene wth its honol ogous pronoter is
inserted in one or nore fragnents into the plasmd to yield an expression
vector of the invention. 94 28 Qctober 2004 WO 01/83800 PCTI US01/ 13793
[247] The [##4dsdhe prmﬁtmwt&rsﬂswmmd@%emq@ﬁ%@@mﬁmmmwlrgch thewhi ch t he

Wxococeud e AREATE e drBEa Pt (MR EBHa0n %‘%%euéﬂgretﬁf soreF BB e e
Bl 11 cat e s PR BP cotepis Sl tatR oqtSEARE BOARNE, o pilA one

pronot er JRALIgneaEWadeelated Wa RAR daphifitatideprodddPlasshid pSWUI357,
Bact. 179(24):7748-7758, was m xed with PCR pr| mer s Segl and M(pl |1

primers: jch cOmpNEESHATAMCEATE PTGACKTABAAS K -Dée.
TTAATTAAGA and | 1 d usi ng standard PCR _
cond.t.onﬁ?‘é\?ﬁ@fzy‘mﬁﬁ TN PSR SCHSOA MDD it h

restrictiqn - ENZy e Kpnl and | |gated to the large Kprrr- EcoRV restriction
fragnment correr ci al |y avail abl e plasriid pLitnus 28 (New Engl and

Bi ol abs). The EﬁgplSumcmﬂmmwmmg@@fem@m@ RK§S3S- 71B.

[ 248] The pronotér of the pil A gene from plasm KOS35 718 was i sol at ed

as an -800 bpb&pW%ﬁH&ATEAWGAGPQ%GGT&Q‘I@MA@@GG@@@@EWth the | arge
Mscl restriction fragnent of plasm d pKOS35-77 to yield a circul ar DNA

-6.8 kb iBndiamplifi @éuamg@mn@rdm wmid@mtm@ bmfregment.i Fhisi t her-
one of t orletatl rod f ot ame
oi ze. HradleRtady @a%yme%@% e Ly A
Restri Ct ' %oﬁﬁ&s@i&ﬁoﬁ%&ﬂ df%efnxﬂéraally available plasmid pLitmus 28 (New
England Biolabs). The resulting circular DNA was designated plasmid pK(OS35-
71B. ‘

[248] The promoter of the pilA gene from plasmid pKOS35-71B was isolated as an
~800 bp EcoRV-5naBl restriction fragment and ligated with the large Mscl
restriction fragment of plasmid pKOS35-77 to yield a circular DNA ~6.8 kb in size.
Because the ~800 bp fragment could be inserted in either one of two orientations, -
the ligation produced two plasmids of the same size, which were designated as
plasmids pKOS35-82.1 and pKOS35-82.2. Restriction site and function maps of
these plasmids are presented in Figure 2.

{249] Plasmids pKOS35-82.1 and pKOS535-82.2 serve as convenient starting
materials for the vectors of the invention in which a recombinant PKS gene is
placed under the control of the Myxococcus xanthus pil A gene promoter. These
plasmids comprise a single Pacl restriction enzyme recognition sequence placed
immediately downstream of the transcription start site of the promoter. In one

illustrative embodiment, the entire epothilone PKS gene without its homologous
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these plasnmids are presented in Figure 2. [249] Plasni ds 35Keegsrgflq and
pKOS35- 82. 2 serve as convenient starting materials for the vectors of the -
i nvention in which a reconbi nant PKS gene is placed under the control of

t he Myxoc¥PIHE38nt hus pil A gene prompter. These pl asmi dPCTHHEILMIMI o

single Pad restriction enzyne recognition -sequence placed inmmediately
downstream of the transcription start site of the pronoter. In.one

illustrative enbodiment, the entire epothilone PKS gene wthout its
horol ogouRromwteisdasestad iermonmcge fegeumtreoube plagrsls asitbeded sitego

I nserted . ne or.nore fra nts into the plasmds at the Pad site to |
yi el d ex@?@gm%éﬁg?goﬁ%m ?fg?‘ﬂ on. [2501 The sequence of the pilA
pronoter in these plasmds is shown bel ow. _
CGACGCAGGTGAAGCT G TCGT GT GCT CCAGGAGCGGAAGGT GAAGCCG

GAA TTGA cC -

TGIGH A TGRS GGAAGGTGAAGCCG

CTT
= M@%@T@CATCGCGGCAAC
O A RS S A GCTTTCGTGAGGACC

Peiet HORSRSCCTCCACTGCGC
CAGTGAGCCAGGGCTGGTGGCGGGCTTCAACCTGGAGCGGCATCTCGACG GCGCGAGC

M@WWW@TWIW%GTCCAGA@GTCGG

‘ : EERCT T TCEGAGACACIGGGGCTAT
A B TGCAGAACATGGTG
W&@E‘TYE@&GGGCCCTCCACGGH
CCACCCGCAGTGCGGGGCGATACAGACCCCGCCGTGCGTCCCGTGGAGGG
CAGIGAGCCAGGGCTGGTGGCGGGCTICAACCTGGAGCGGCATCTCGACG
ACAGCGAGCGGCGCTATCTCGTCGCGGCGATGAAGCAGGCCGGGGGCGTG
AAGACCCGTGCTGCGGAGTTGCTGGGCCTTTCGTICCGTTCATICCGCTACC
GGTTGGCCAAGCATGGGCTGACGGATGACTIGGAGCCCGGGAGCGCTTCG
GATGCGTAGGCTGATCGACAGTTATCGTCAGCGICACTGCCGAATTTTGTC
AGCCCTGGACCCATCCTCGCCGAGGGGATTGTTCCAAGCCTIGAGAATTGG
GGGGCTIGGAGTGCGCACCTGGGTIGGCATGCGTAGTGCTAATCCCATCCG

CGGGCGCAGTGCCCCCCGTTGCAACCTTCTCTTAATTAA

[251] To make the recombinant Myxococcus xanthus host cells of the invention, M.
xanthus cells are grown in CYE media (Campos and Zusman, 1975, Regulation of
development in Myxococcus xanthus: effect of 3'": 5'cyclic AMP, ADP, and nutrition,
Proc. Natl. Acad. Sci. USA 72: 518-522) to a Klett of 100 at 30°C at 300 rpm. The
remainder of the protocol is conducted at 25°C unless otherwise indicated. The
cells are then pelleted by centrifugation (8000 rpm for 10 min. in an 5534 or SA600
rotor) and resuspended in deionized water. The cells are again pelleted and
resuspended in 1/100th of the original volume.
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[2511 To meke the reconbi nant Myxococcus xant hus host cel28&Ogpbargg04
“invention, M xanthus cells are grown in CYE nedia (Canpos and Zusman,
1975, Regul ation of devel opnment in Myxococcus xanthus: effect of 3':
"5 -cyclicYWRRUSEMb  and nutrition, Proc. Natl. Acad. Sci.PUBHS®237818-522)
to aldett of 100 at 30C at 300 rpm The renmainder of the protocol is
conducted at 25C unless otherwi se indicated. The <cells are then pelleted
by centrifugation (8000 rpmfor 10 min. in an SS34 or SA600 rotor) and
resuspended in deionized water. The cells are agai n pelleted and

03 53500 Eor) LIRSS 18 it 3f B pot et o e calle ek Bl Faveite #ht o ¢ ne
cells in i‘o@mjte bk P 400 OhED 0T Y %gr.aw%lalatnﬂg@%%g& tifthe Ehadof® Vv

with a tine cons ant Int range free salt

and is re$igspRadese DNAisiet bésalanshdipi reshgrthdedahelistdledindd MeRMiAw a 0. 025
tun Type VS nenbrane (MI1lipore). For low efficiency electroporations,zthe

-DNA is spdtates et #@éﬂema@tﬁ%rmrﬂypesVS maﬁYEranlerhoHl;ajre) For h)‘Wefﬁmency
el ectroporatjon, of s adde cells jn the cuvette pooled
with an a8&CFPBR£?ﬂ%‘%ﬂFﬁ%E¥A r‘gﬁﬂﬂ’éﬁgd gnqguteaowdh s wo-iE. mmwr

EL?SEWn.%ﬁ%?fé%%r“@bfﬁo%f?z@a%%%%%aaﬁr el et pofid ne

sel ect abl gviffeak QHdiThe 1.3 hE, OFEYE?r@{rR)uEIﬁéﬂed B ﬁ@gﬁg‘ﬁ%@%ﬁe{’ﬂaﬁi at es

with selection. Wth kanamycin as sel’ect abl e mar yi el ds

are 103 t@toiﬂﬁrcﬂametz 9 nd). Thecellviaté gadwafdofolai to eight Iefus (e cﬁ@rﬂ%ﬂ Ale
mar ker, is included in the top agar, because |t bi nds lgg Wth

this pr oc@@@?éz G pe30QeuRdr allew W@B@ﬁ)ﬁh&ﬁé@tﬂb&em ﬂ'e:[hen,vlélnt i on

are electr orat d occus st cells .that ss reconbi nant

PKSs of tH ?’feg;maw %cﬁ&?g %ﬁ&(’ﬂi‘ﬁ%‘ﬁ%ﬂ %Sﬁ&h Yd%‘?‘?‘%/ 4 ves,
d th

o R A R e BETMAR, HETRE Ry

Epot hi | onas tlre ddlastableaniarkes it Elsumduded in the top agar, because it binds agar.

[253] With this procedure, the recombinant DNA expression vectors of the:
invention are electroporated into Myxococcus host cells that express recombinant
PKSs of the invention and produce the epothilone, epothilone derivatives, and

other novel polyketides encoded thereby. -

Example 2
Chromosomal Integration and a Bacterial Artificial Chromosome (BAC) for

Expression of Epothilone in Myxococcus xanthus

[254] To express the epothilone PKS and modification enzyme genesina .
heterologous host to produce epothilones by fermentation, Myxococcus xanthus,
which is closely related to Sorangium cellulosum and for which a number of cloning
vectors are available, is employed in accordance with the methods of the invention.
M. xanthus and S. cellulosum are myxobacteria and somay share common elements
of gene expression, translational conirol, and post translational modification. M.
xanthus has been developed for gene cloning and expression: DNA can be’

introduced by electroporation, and a number of vectors and genetic markers are
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downstream of the devS gene, which has been shown not to affect the growth

or devel

express the epothilone PKS and nodification enzy280geme200h a
gous host to produce epothilones by fernentation, M/xococcus

which is closely related to Sorangium cellulosumand for which a
WRPEHY vectors are available, is enployed i n BEBESHARIB with

ods of the invention. M xanthus and S. cellul osum are
eria and so nay share conmon elenents of gene expression

S A0 ORI Ml B
%@é%e@}gﬁ8%€@oﬁéﬁg%gf%@%&g{@% he I nt rod%c%s I'on of

ENAomipiet tdidiwirt feesentdis tandeaiibe subjected &bﬁﬁrﬁ[ﬂﬂﬁﬁbﬁ@fb it &agehe

me. M xanthus can be grown with relfative ease in conplex nmedia in

igenarapressiong ifseliteeded t o mani pul ations to increase gene

on, if required. [255] To introduce the epothilone gene cluster
ococcus xanfhus, one can .- build the epothilone duster into the

S| 0 A Iete ene
iﬁtﬁyﬁﬁéh%%c%éégﬁ%%ﬁ%@ B kMR cr e Bt onod
g ﬂ?ﬁ; \bg(ggﬂyo M xant hus
gratlon rnto the chronobsone. [256] To asse t gene duster from
cosnm ds pKésabinaliohAd, as@eﬁﬂb]&@%mﬂ&e@neﬂwdtér tﬂﬂﬂdrﬁﬂﬁvél yAthetcopipleas ger )
ogy fromthese cosmds are introduced into Ivyxococcus xant hus to

lGASHusRE HPIRARHE oméb

eposhibdneginaclustercar be clomedem pbaderial artificiad chromostme (BAC)As
re 3, S 0S35- 154 and p. are created to
l?‘é%%w’d‘t é\gt S §mt?ﬁ’@“§F}’§§B§FéHP“5§§€%Iing 't he

ne gene cluster in the M xant hus chronposone is shown in Figure 4.
y, a neutral site in the bacterial chronpsone is chosen that does

[P56] ayadienfie e gerRNEastePHot 8bsidsiKOSHR76 44, ELQ]
oo smafl rivgions (~2 kb or larger) of homology from these cosmids are .
introduced into Myxococcus xanthus to provide recombination sites for larger pieces

of the gene cluster. As shown in Figure 3, plasmids pKOS35-154 and pKOS90-22

-are created to introduce these recombination sites. The strategy for assembling the

epothilone gene cluster in the M. xanthus chromosome is shown in Figure 4.
Initially, a neutral site in the bacterial chromosome is chosen that does not disrupt
any genes or transcriptional units. One such region is downstream of the devS
gene, which has been shown not to affect the growth or development of M,
xanthus. The first plasmid, pKOS35-154, is linearized with Dral and electroporated
into M. xanthus. This plasmid contains two regions of the dev locus flanking two
fragments of the epothilone gene cluster. Inserted in between the epo gene regions
is a cassette composed of a kanamycin resistance marker and the E. coli gnlK gene.
See Ueki et al., 1996, Gene 183: 153-157, incorporated herein by reference.
Kanamycin resistance arises in colonies if the DINA recombines into the dev region.

by a double recombination using the dev sequence as regions of homology.

[257] This strain, K35-159, contains small (~2.5 kb) regions of the epothilone gene
cluster that will allow for recombination of pKOS35-79.85. Because the resistance
98




xanthus. The first plasnmd, pKOS35-154, is linearized wi t28 xteher A%k
~electroporated into M xanthus. This plasm d contains two regions of the
dev locus flanking -two fragnments of the epothilone gene duster. Inserted
“in betweeNWQMSB3Po gene regions is a cassette conposed of PGI/KSNABRYSI n

" resistance marker and the E. toll galK, gene. See Ueki et al., 1996, Cene
183: 153- 157, incorporated herein by reference. - Kanamycin resistance
arises in colonies if the DNA reconbines into the dev region by a double

1 econbi naMEkersApKORSd8¥> sue thasuma os tefiin k35%15% ertetragycling257]  Thi s
dust er t hEETARMORF T GANEROPE iR BHC T bRl fhabepriai dse t o
resi ot ancgan 3o CELALP AN IR BLLASAON FCTLLSIL A Sarmslcere. o

pKOS35-79. 85 ‘are the sane as t a tetracyctn nsposon

was transpiEisIiay wasiiectpdirstedant K9§JIB9,Saﬂd12>§rt@aﬁEfélﬁmet féﬁigtér,{t%%ﬁﬂﬁég n

inserted into the kananyci n marker were sel ect Thi's cosm d,
pKOS90- 23weraseletted to opratesteain K1 KE Tohsmownitheaxywantedaygionsdreoashst ant
colonies werge seA ected fo create strain K35-174. To renove the unwanted

r?agi ogs f Fotidand leg¥apalnhe Q%&bﬂo%gﬁillqsh@ﬂ?ﬁﬁﬁﬁh]]ﬂ@t@ oR fadk P?ées-s welrﬁ |
YE. (a]] 1 % . T
ene. nakoe o atnd Poea A the Fholentedt A6 xiChene iaaRex el GTls Geniifianto

col oni.es o ddeft Ga?éHtS%isFﬁlt'c%h&rﬁ@é ?ihﬁgﬁllﬂi’ §(%}¥re%ﬂ’gc &k ‘ rlog%

reconbi nation or by a nutation in the gal K gene. reconbi nat'l

event occthiesgalK bearkbhby gedomsbination @s byt antutsticn i theSe B 3ehk] I €hé O ;
kananyci n and oxytetracycline. Strains sensitive to both antibiotics are
verified ¥pombinatien aventsccarsathen the gphactose resistanttstuaiimis serisitiaret iof-i ed and

o R R R AR S Sl e ol ”
TRl €5 Los AT T N PR P IRS SR P e

t 0 creat ecdfitaibs¥Be é?oﬁ:ﬁl'o'ile @icludter RbACHOARA At 4680 bp doendRln? by fid Ne
resi stant version of pKOS35-70.1A2, pKOS90-38, and colonies resistant to

stop codon of epoK.

[258] To introduce modules 1 through module 7, the above process is repeated-
once more. The plasmid pKOS90-22 is linearized with Dral and electroporated into
K35-175 to create K111-13.2. This strain is electroporated with the tetracyclirie
‘resistant version of pKOS35-70.1A2, pKOS90-38, and colonies resistant to
oxytetracycline are selected. This creates strain K111-13.23. Recombinants that now
have the whole epothilone gene cluster are selected by resistance to 1% galactose. -
This results in clones K111-32.25, K111-32.26, and K111-32.35. Strain K111-32.25
was deposited April 14, 2000, with the American Type Culture Collection,
Manassas, VA 20110-2209, USA, in compliance with the Budapest Treaty and is
available under accession No. PTA-1700. This strain contains all the epothilone

genes and their promoter(s).

[259] Fermentation was performed by inoculating strains into 5 mL of CYE (10 g

casitone, 5 g yeast extract, and 1 g MgSOq+7H;0 per liter) in 2 50 mL flask and

growing overnight until the culture was in mid log growth phase. A 100 uL aliquot
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oxytetracycline are selected. This creates strain Klll-138QctoRe@0fbhi nant s,
that now have the whol e epothil one gene cluster are selected by resistance -
to 1% galactose. This results in clones K111-32.25, K-111-32.26, and '
K111- 32. YO OKEBU 1 K111.32.25 was deposited April 14, 2086TUHUEHe .
American Type Culture Collection, Mnassas, VA 20110-2209, USA, in "
conpliance with the Budapest Treaty and is avail able under accession No.

PTA 1700 ' | { al I ' d-tshei r.

or oot or (537 ot bta EIE RS sl sk REaBRRt e @RGSR ARS8 Bons 1 o
5 L of e¥Ratddphil6Asd, HaNSgartarlll ¥ERF o RhEYThte vaagnﬂacer&@&%t7iﬁ?a05@er .

liter) in a 50 nL flask an growi ng overnight until the culture was in md
| og gr ownhl pbaical tubel@fd dcdtont added t8 $illthe@ubeliEhe 2610diovad irRaBat:d '

PCT/ US01/ 13793 was spread onto a CTS plate, and the plate incubated at 32C
for 4 tovgtiysgakingéor 4ia P hetirs ghe aretone svaperatedyandithe remainingliqnitdhe pl at e

was. macerated,, .put in.a 50 oni c e n cetone added to_fill the -
Fibe. "ThexBarist Bite it s eas piEiedt othilaesPorAs Nadttwas frmovede

-acet one |4 Loyl ds ext ' - an equal
ol une. of et afotied QA ERY it G e R Boliigh. 70 <
extract pulfagdiagfilfearbsit) ihdthé ﬁgaid Wi RgBeRtd T divhéal Thuapoftildked

out, and the liquid was evaporated to dryness. The epdthilones™ were

r esuspenteteirestdpended fin 20@ phrifiacetonitild andainatyzedby LO/NES. Theanilgbigsi s

showed that the strain produced epothilones A and B, with epothilone B
present &howgddhat destiain produgedbepothilones Axaii Bpwiith epeibilang B presentiad f ol d-

| oner | e 2 .Thi s rain n al.so b d roduce. epot hil gnes in
| Caai o capvirel mert e ellnd fnd 3eltohe R A3 ARGIWEEIBR i one -
produci ng strain. The next day, while the cells are in md |log growth
phase, a 5 %inoculumis added to a flask containing 0.5% CwW (0.5%

casi t one [260] 2 ThidSeMin AR QlSdbertdbddDRSp pofude) epathilogesiir Bqiidafifire A4k,
al anine, and glycine and 0,1 % sodi um puyruvate. The sodi um pyruvate can

be addedceptainpgEYE innosutied path pnepetiBloneprastiaing baain. Thewext day,

decrease e e cefls afe A miRI68 srOWeh phase, 3% odtilam s added o a Hask ' ° 9"
containing 0.5% CMM (0.5% casitone, 0.2% MgSO;+7H>0, 10 mM MOPS pH?7.6)
along with 1 mg/ml serine, alanine, and glycine and 0.1% sodium puyruvate. The
sodium pyruvate can be added to 0.5% to increase epothilone B production but:
causes a decrease in the ratio of epothilone B to epothitone A. The culture is grown
at 30°C for 60-72 hours. Longer incubations result in a decrease in titers of
epothilones. To recover epothilones, the cultures are centrifuged at 10,000 rpm for
10 minutes in an 5534 rotor. The supernatants are extracted twice with ethyl
acetate and rotary evaporated (“rotavaped”) to dryness. Liquid cultures produced
2 to 3 mg/L of epothilones A and B, with ratios similar to that observed with plate
cultures. If XAD (0.5 - 2%) was added to the culture, epothilones C and D were
observed, with epothilone D present at 0.1 mg/L and epothilone C present at 5 to
10-fold lower levels.

[261] To clone the whole gene cluster as one fragment, a bacterial artifical
chromosome (BAC) library is constructed. First, SMP44 cells are embedded in

agarose and lysed according to the BIO-RAD genomic DNA plug kit. DNA plugs
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at 30C for 60-72 hours. Longer incubations result in a dé&@eskerili04iters
“of - - - epothilones. To recover epothilones, the cultures are centrifuged
at 10,000 rpmfor 10 mnutes in an SS34 rotor. The supernatants are

" extracted WU th ethyl acetate and rotary evaporated pCT@mSevspgd") to
dryness. Liquid cultures produced 2 to 3 ng/L of epothilones A and B, with
ratios simlar to that observed with plate cultures. If XAD (0.5 - 2% was

added to ‘'t he culailu epqt hj ones C and D were_, observed, with epothilone
D. presentar"éPafF‘ Yn%gﬁ HricEaR epzpmeseah g Say3Ad or Fndlilandwer

| evel s. e t r fra bacteri al
artifical %fe]clﬁ-r gy?n%)g%s% ?’B&g}&ﬁ%ﬁrﬁé@gﬂlg@@ﬁ&%@& P%I[{Epegl\%’44 cells are
enbedded i dRON A g%& 2l ug
kit. DNA pl ﬁggﬂ%o 8 Cct ober 2%8604 ayi/%g%ﬁ&g%%s?lﬁé@lg 1 79 a artially

di gest-ed Vihemedadrofathioire terizelase &m&ﬁgmm@@%&oeluﬁdndhﬁde@mﬂ)ed in
el ectrophoresed on a FIGS or CHEF . DNA fragnents are isolated by

el ect roel & %% gﬁ fNﬂﬁlﬁqmd«%E@r élg-@959 ﬂﬁlz?gc@mqs@dt@rdllédmade ][ he
agar ose. rret c. 0 S e e roel ution,

5 ¢ o % ROG: GRRIoE AT etve |

?acg(ra;guita aéﬁgﬁﬂe%é‘% fo wr%t @go the BAC3961
pBeloBACI ?% eave 9{1?} ﬁﬁi gproprl ?ﬁgisenzyne map of pBel oBACI | is-

shown in Figure 5. [262] The DNA is electroporated into DHLOB cells by the
met hod of Sheng etal. 1995, Nucleic Acids Res. 23: 1990-1996,
i ncor por af2@2]h &ﬂelledylsrdé@tr@mated ioto DHt0B eells$yr theghethoded Sli@agwt al.,

genom c i r opj es are ed using a_probe_from- the NRPSregloln.
of the epagég %‘Kéﬁﬁéﬂdé esl%%ﬁ%fig% ROz parated byirefarrpce, o creade at ed
for restri nf 4 resence of the conplete ene -
o et bR o SO R RS S08 el d B0
“strain thahe NEPDRUSEES iR & &lﬂéﬂ@auem&x?édoﬁe%ﬁéﬁi&edaﬂﬁcﬁ%iﬂsm 'S
constructed that contains regions of honology that are upstream and

downst r eamsoddtetlfor mmﬁd:ﬁd»manalgemeo cbufitrarthé ipacieade by thideortiplete genes and

cluster. This positive clone is designated pKOS35-178.

[263] To create a strain that can be used to introduce pKOS35-178, a plasmid,
pKOS35-164, is constructed that contains regions of homology that are upstream
and downstream of the epothilone gene cluster flanked by the dev locus and
containing the kanamycin resistance galK cassette, analogous to plasmids pKOS90--
22 and pKOS35-154. This plasmid is linearized with Dral and electroporated into .

- Myxococcus xanthus, in accordance with the method of Kafeshi et al., 1995, Mol.
Microbiol. 15:483-494, to create K35-183. The plasmid pKOS35-178 can be
introduced into K35-183 by electroporation or by transduction with bacteriophage .
P1, and chloramphenicol resistant colonies are selected. Alternatively, a version of
pKOS535-178 that contains the origin of conjugative transfer from pRP4 can be -
constructed for transfer of DNA from E. coli to K35-183. This plasmid is made by
first constructing a transposon containing the oriT region from RP4 and the
tetracycline resistance maker from pACYC184 and then transposing the
transposon in vitro or in vivo onto pKOS35-178. This plasmid is transformed into
517-1 and conjugated into M. xanthus. This strain, K35-190, is grown in the
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contai ning the kananycin resistance gal K cassette, anal oggusctbgerPhasm ds
pKOS90 22 and pKOS35-154. This plasmd is linearized with Dral and -

el ectropgorated into . Mxococcus xanthus, in accordance with the method of
Kaf eshi SYO418380 995 Mpl. M crobiol. 15: 483-494, to creaPETAS8IIY The
pl asm d pKOS35-178 can be ' introduced into K35-183 by el ectroporation or

by transduction with bacteriophage Pl, and chl oranpheni col resistant

col oni es | ecte | i . 0S35- .t hat. )
cont ai ns P fﬁ%“%?f’g?é g‘?laéﬂg%lﬁ%&gg%l%?o%( @%#é#afrgéo}?ﬂ%ﬁﬁ%g € ézﬁus %%Wé‘t ructed -
for trangbftaifd alPbife &pSRiBne gRhbs hAOWERRs B othii ety @ ié‘&gﬁn first
constructing a transposon containing the ori T r‘gg]ilg}rﬁrom' 4 an B%e _
t et r acyc femeented ianiabesiedfak die pratagtidEEpbthifchdsheantBinsposi ng the - :
transposon in vitro or in vivo onto pKOS35-178. This plasm d is-transforned
into S17--1 and conjugated into M xanthus. This strain, K35-190, is grown

in the 1 8 t ober 2004 WO 01/83800 ,PCTI USQ1/ 13793 pr ce of 1% i
Gl not 0s 12548 ATRIBREFED, e HERS oM aD o R EELnEn £he BACIuSng sither -
cont ai ns | | al._pr, ters. This.
strain iéﬂéjfeé%l‘?r%r#%%t an Rj?%s@eﬂ i%? A %Sr §58g¢3o§9%‘%%e%§%‘ﬂg‘ﬁﬁ§gs A and B.
[264] Al m&@?b'sdtebﬂto ifteer P MAIOWET 1803 sl k@éﬂéﬁ&éhﬂnﬂ??léﬁ@d‘s!?! ng .
either the tenperature sensitive plasnm d pMAK705 or pKG3 by transposing
the trafbprxomhiinationiis mwonyiiskiedasatespiibd s Elaaei tongt fibySepe 1 BB fd cant

plasm ds;. the reconbination_is acconplished as described in Hamlton et
al ., SepB“i@é&@)}.%l%ﬁégé and Idnk ehgly ket hPact. ARI@0): §228-628%, eaclyof, J.

Bad. 179 . 6228- 623 h- of ich is incorporated herein by . .
refer enc&‘.Zﬂbf%%fgﬁéﬁag%%ﬁémgygﬁﬁnﬁos%- 178 into the dev locus, it can’
al so be integrated into a phage attachnent site using integration

functions from nmyxophages Mk8 or M9. A transposon is constructed that

cont ai ns [265 iBetielgs dntegratirenpEKCQB836-HiStinkd e deblorass ittdagraldd®e ﬁ{tegs@e@l ong
with the tetracycline gene frompACYC184. Alternative versions of this
t r ans pos dntorraphige/atbaghmenisiterusing integrationsfuriciions from weneiphages Wb or

i nt egrat i es are then suppli,ed in trans, by coel ectroporatjon of a
g i\ﬁfxrb_%@ransposon 1% constrhbted that contafns the 3fn’:egra’a‘“aon ger?es and att site

from either Mx8 or Mx? along with the tetracycline gene from pACYC184.

Alternative versions of this transposon may have.only the attachment site. In this
version, the integration genes are then supplied in trans by coelectroporation of é
plasmid containing the integrase gene or having the integrase protein expressed in
the electroporated strain from any constitutive promoter, such as the mgl promoter
(see Magrini et al., Jul. 1999, J. Bact. 181(13): 4062-4070, incorporated herein by -
reference). Once the transposon is constructed, it is transposed onto pKOS35-178 to
create pKOS35-191. This plasmid is introduced into Myxococcuis xanthus as
described above. This strain contains all the epothilone genes as well as all
potential promoters. This strain is fermented and tested for the production of
epothilones A and B. Alternatively, a strain that contains the a#t site and the oriT
region can be transposed onto the BAC and the rémﬂﬁng BAC conjugated into M.

xanthus.

[266] Once the epothilone genes have been established in a strain of Myxococcus
xanthus, manipulation of any part of the gene cluster, such as changing promoters
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pl.asm d contai ning the integrase gene or having the integgaS&oronesn
"expressed in the electroporated strain fromany constitutive pronoter,
such as the ronoter (see Magrini et al., M 1999, J Bact. 181(13):
'.4062-4070}"’9”%%185 brated herein by - reference). Once the tPEHEBHLGHS s
constructed, it is transposed onto pKOS35-178 to create pKOS35-191. This
plasmd is introduced I nto Myxococcus xantl zus as described above. This

strain co p I

or oot or o0 e g bABIEPEHTb: BARTRA S RE MR harBiefin e 4t srik

epot hi | onggséitand Bscrbé® bW, (Alltured of N@@b@cw%n%%hﬂﬁnmgt% site and
the oriT region can be transposed ont'o the BAC and the resulting BAC

conj ugat egenestegre lrowndntadmsmbep 6finedicand bramipred for predgeimsohave been
established in a strain of ngococcus xant hus, mani pul ati on of any part of

the gene ePeibilepes.df the lguelsiol pge lgctmlb@&ﬁmtbﬂowz(man@mb@ﬁ @ODYateD

01/ 83800. | 13793 d th

cananyor moMedTen IR M Safart o%“@%%&?@ﬁ“a;ése@sae%&s sl elmtee of |
f medi

e o md AAHE AR AL B GO ERn. S8WRSCADE] B BB AR WIREIE!  OFCor

epothilones (in particular B or D) are Iow then the M xant hus- pr.oduci ng
cl ones are subjected to nedia devel opnment and nutation based strain
i nprovenent, as described in the folﬁ@mpl}éxarrpl e. Exanple 3 Processes for

t he Productlon ang Pur|f| C S, A. .
Het er ol ogous Prode O [ . AR RELIEE SELQE [2671 The

het er ol oggus pHRAMGELS roved
by 140- fom_f_{)%‘a‘n— lugrp

an adsor b7} ethe hetdreldgdﬁs tplrbdmiomof @;foth:lsue DahJMymrobm mﬂm Qvasand the
i npl ementation of a fed-batch process. 2681 To reduce the degradation of

epot hi | onEnpraviediiel4hiald &@ﬂl@rﬁuw@i@@fdﬂﬁ myg/ID) withsthgddeatporatiorabf | i ze

he extracel lul ar pr | ¥ |
the e t 355 adSorber R es%q, teﬁenﬂ:(éca fonot 2 smél%ie car ;[)IGI%OU;[.‘CSE, and the

1_mp1_ementafc10n of a fed-batch process.

[268]  To reduce the degradation of epothilone D in the basal medium, XAD-16 (20
g/L) was added to stabilize the extracellular product. This greatly facilitated its |
recovery and enhanced the yield by three-fold. The use of oils as a carbon source
for cell growth and product formation was also evaluated. From a screen of

~ various oils, methyl oleate was shown to have the greatest impact. At the optimal
concentration of 7 mL/L in a batch process, the maximum cell density was
increased from 0.4 g dry cell weight (DCW)/L to 2 g DCW/L. Product yield
depended on the presence of trace elements in the production medium. With an
exogenous supplement of trace metals to the basal medium, the peak epothilone D
titer was enhanced eight-fold, demonstrating the significant role of metal ionsin .
cell metabolism and in epothilone biosynthesis. To increase the product yield
further, a continuous fed-batch process was employed to promote a higher cell
density and to maintain an extended production period. The optimized fed-batch
cultures consistently yielded a cell density of 7 g DCW/L and an average
production titer of 23 mg/L.
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recovery and enhanced the yield by three-fold. The use ofygandtshez3084 car bon,
source for cell growth and product formation was also evaluated. Froma ~ =«
screen of various oils, nethyl ol eate was shown to have the greatest

i npact. AYOPHE¥dtimal  concentration of 7 nl/L in a bat cRCFABEEEYBthe
maxi mum cell density was increased fromO0.4 g dry cell weight (DCW/L to 2
g DCW L. Product yield depended on the presence of trace elenents in the
production nedium Wth an exogenous supplenent. of trace metals to the
basal nmedium the peak epothilone D titer was enhanced eight-fold,

Ceronst 0910 TEAAR e SA0Undl AR 05 5 bRl S o0 1

cont i nuotgriogd shaiofithe eepobsetkrRIR|FURGilM cllidiRiR (GeftheheY, 1996) GeflRNSi LY
and to mai ntain an extended production péeriod. The optim zed ‘fed- bat c

cul tures etdné’ﬂ@l,anfdrgngese:ﬁt&ddnmaxhnqﬂa gi¢ kistefl af thye EANOE thisdectiioragrd age
production titer of ‘iﬁ 103 28 Qct ober 2004 WD 01/ 83800 PCT/ US01/ 13793 ~
[269] Ep8FhFICORRYale §’@é‘bhﬂa maﬂmyt%fgnqﬁamlamb @f anicyotybydriced by

506; " CorieRObefrad i ofR ¥ tPEith O s Ao “kaﬁﬁ%&fﬁq{rieﬁ' ot

the end QfybMiasob ¢ M They
are potent gnhl (tglfgdrs%l(;l2 ﬂl;]dlgﬁg ubSFlcé% depol ymeri E’ﬁ I on, ﬁ?‘ﬁmﬁmcham sm of
action siredibtant tumbhedll hhed prasding @MPfg]ﬂycdﬁma&ﬁﬂe&sﬁﬁbhﬁﬁo whtial .

1995). Their cytotoxic effect against miltiple-dru resi stant tunor cel |

| i nes expherepentc comppugds voph grestomamensial vtahem(ﬁamt@tht 1997; Kdmla]pmit ic '
conmpounds eat comerci | u et al, owal al .
1997) ﬁﬂ%ﬁ%ﬁ%ﬁ%@ﬁﬁw%ﬁh@nﬁv@wmww ottt ot e t hei

f or mul at ﬁa: LN [ 270] Epothilones A and B are the mgj or.
fermentagl on pro uc? a'ﬁ@gﬁgural host (Gerth et al, 1996). The 7
macrocyclic core of these pol yketide nolecules is f or med by the successive

decar boxyl ati ve condensati ons of acetate and propionate units (Gerth et
al ., 200¢370] EfipoithilamessA AndrBlaf thefthajor bsrneerdatigh produbiglof gheonptetl htvt C- 12

(Gerth et al., 1996). The macrocyclic core of these polyketide molecules is formed

by the successive decarboxylative condensations of acetate and propionate units
(Gerth et al., 2000). Epothilones A and B differ by a single methyl group at the C-12
position of their carbon skeleton. This structural variance results from the
incorporation of an acetate in the assembly of epothilone A and a propionate’in -
that of epothilone B. Epothilones C and D are intermediates in the biosynthetic
pathway of epothilones A and B, respectively (Tang et al., 2000; Moln4r et al., 2000).
They are excreted as minor products durmg the fermentation process, with a
combined yield of about 0.4 mg/1L. Because preliminary in vivo studies revealed
epothilone D to be the most promising of the four compounds as an anti-tumor
drug (Chou et al., 1998), it is of considerable interest to produce this molecule ona

large scale.

[2'71] The gene cluster responsible for the biosynthesis of the epothilones has been
sequenced (Tang et al., 2000; Molnar et al., 2000) and used to produce these
compounds in Myxococcus xanthus, a microbial host closely-related to S. cellulosum

but more amenable to genetic manipulation. To foster the production of epothilone
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position-of their carbon skeleton. This structural vari amgeO¢tesat2094from
-the incorporation of an acetate in the assenbly of epothilone A and a
propionate in that of epothilone B. Epothilones C and D are internedi ates
*in the bi 9At/8880¢ c pat hway of epothilones A and B, respepti/usyizfobang et
‘al ., 2000; Molnar et al., 2000). They are excreted as mnor products
during the fernentation process, with a conbined yield of about 0.4 ng/L.
Because prelimnary in vivo studies revealed epothilone Dto be the nost
proni si ngPhR defetigrygm cambipant;sirain (deseribed in Exaoplet, kdlow)1998)
it is of considerab I nteres 0 duce.this | ecule gqn a |arge scale.
[271] The“f&fEREFH arto %ﬁ&‘?ﬁ}eelg# reR EL‘ﬁeJé‘gE‘f €S Hie (MY eEs | ones

has ee”, eRBHHEREEE flffiodn Miiond R Andhix08fechivel) ang 30, 06). 1358 1 0

produce tﬁ se conpounds in Myxococcus X

cl osel y- r gbaétetaltraBon edeltivdg Promdiséd B RcrdRitedl &dtRilesASIandBALRElA | On

To foster the production of epothilone 104 28 Cctober 2004 WO 01/83800

PCT/ US01/ p8ddactof theddd. awritbus fartremtatidn, itk anepothilosnD tetQ sdtio ¢fessli bed

in Exanpl g, 4, gﬁl,ow) was constructed to inactivate the P450 epoxi dase that
EeTHDE MRt 8 ﬂ%%m%w@aﬁevgﬂ@wa% ihostigsthe and B,

or omt ed FREVEREARR Birfisntiofid s drltet pRRRRE Gl St mtercb et v

xanthus, f &iema bakip@iiot drl ARSI m&eg}é ‘afe HeddtlHlcd Mibe foslft ifra 1400°

resulting nmutant oOffers a distinct advantage over the natural host in the;

recovery #éold iparea$e rafhierodiictibe oflepothéldrp M dudl. xahthukhi s exanpl e,

i nprovenents in nedia conposition and fernentation strategy are descri bed

that result in a 140- fold increase in the production of epothilone Din M
r ment.at i ons, of

t hus. ber resins.h b din the f
mywobact e 2T AsShed Teriht Pais bEok BT bt eERS PRSI PR oBe Ul es

d d QW quant Lt ' ) i li.t,ate th
sl at 1 onty - AMUARCapRER of tRTERANY Ay REIERIES pickfited shdowlardely . "
cul ture mRéidenbehansdibie, 1998)) To Ptididueithe wdlaeatof ypiRilbhe L dherom the

resin wwth an appropriate solvent, its
hydrophobic resin XAD-16 was added to the culture medium. Because the bound -

product can readily be eluted from the resin with an appropriate solvent, its
recovery was greatly simplified. Moreover, the use of XAD-16 minimized

- epothilone degradation through product stabilization.

1273} Myxococcus xanthus has been traditionally cultivated in media consisting
primarily of enzymatic hydrolysates of casein, such as peptone and casitone,
relying on amino acids as the sole carbon and nitrogen source (Reichenbach and
Dworkin, 1991). Consequently, ammonia is accumulated in the fermentation broth -
as a result of amino acid degradation. It was demonstrated by Gerth et al. (1986)
that an extracellular ammonia concentration of 35-42 mM in a Myzxococcus virescens
culture corresponded to a surprisingly high ammonia concentration of 80-140 mM
within the cells. More importantly, it was shown that by continuously removing
the excess ammmonia to below 8. mM with an in situ membrane process, both-cell
mass and seco‘nﬂary metabolite production dramatically increased (Hecht et al.,

1990). Because the generation of high levels of ammonia is speculated to be
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| nocul um Preparation [2751 For the production of epothilone Din culture

media wi thout nethyl oleate, 1 niL.of frozen cells of the Myxococcus
xant | i usMATERIAKSIANID METHQDS) (v/ v)

Inoculum Preparation

L1

[275] For the production of epothilone D in culture media without methyl oleate, -
1 mL of frozen cells of the Myxococcus xanthus strain K111-40.1 in 20 % (v/v) .
glycerol was inoculated into 3 mL of CYE medium consisting of 10 g/L casitone
(Difco), 5 g/L yeast extract (Difco), 1 g/L MgSOs-7H,0, and 50 mM HEPES, pH
7.6,in a 50-mL, glass culture tube. The HEPES buffer solution was titrated to pH 7.6
with potaésium hydroxide. The cells were incubated at 30°C and 175 rpm on a
rotary shaker for 3 days. They were then transferred to a 250-mL Erlenmeyer flask
containing 50 mL of CYE medium and grown for 2 days under the same
conditions. The resulting seed culture was used to inoculate 50-mL production

flasks at an inocutum size of 5% (v/v).

[276] - For the cultivation of M. xanthus in media containing methyl oleate, the cells
had to be adapted to growth in the presence of the oil. One seed vial of frozen cells
was inoculated into 3 mL of CYE medium that was supplemented with 3 pL of
methyl oleate (Emerest 2301) (Cognis Corp.). The cells were grown in a glass

culture tube for 2-6 days at 30°C and 175 rpm until the culture was sufficiently
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[278] In preparing the inoculum for 5-L fermentations, 25 mL of the oil-adapted

seed culture were transferred into a 2.8 L Fernbach flask containing 475 mL of

CYE-MOM medium. The cells were grown at 30°C and 175 rpm for 2 days.

Subsequently, 250 mL of this secondarj seed culture was inoculated into 5-L -

fermentors containing 4.75 L of production medium to yield a final inoculum

concentration of 5% (v/v).

- Shale Flask Production _
[279] Batch cultivations of M. xanthus K111-40-1 in the absence of methyl dlééte
were prepared as follows. One gram of XAD-16 resin (Rohm and Haas) was
autoclaved at 121°C for 30 min in a 250-mL Erlenmeyer flask with 5 mL of
deionized water. The excess water was then removed from the flask, and 50 mL of
CTS medium consisting of 5 g/L casitone, 2 g/L MgSO4-7H;0, and 50 mM HEPES,
pH 7.6, were added. Because autoclaving of the adsorber resin in the presence of
the production medium led to the binding of essential nutrients required by the

cells, the resin and medium components were sterilized separately. The
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sterilizatio&,ﬁ_t e excess water was renoved fromthe flask, and 50 nL of
CTS medfBH Bffented with 2 nL/L nethyl oleate,” 4 nL/L trace ‘elenent

'

[281] Fed-batch cultures with intermittent feeds of casitone and methyl oleate
were prepared as follows. One gram of XAD-16 resin was autoclaved at 121°C for
30 min. in a 250 mL Erlenmeyer flask with 5 mL of deionized water. After
sterilization, the excess water was removed from the flask, and 50 mL of CTS. . .
medium supplemented with?2 mL/L methyl oleate, 4 mL/L trace element
solution, and 50 mM HEPES, pH 7.6, were added. The production flasks were
inoculated with 2.5 mL of the oil-adapted seed culture and incubated at 30°C and -
175 rpm. Two days after inoculation, 2 g/L of casitone and 3 mL/L of methyl
oleate were added to the culture medium at 24 h intervals. The casitone feed was
prepared as a concentrated 100 g/L solution. The cultures were grown for 10-i2
days until substantial cell lysis was observed.

[282] All the production cultures can be grown on a 500-mL scale in 2.8-L - .
Fernbach flasks under the same growth conditions.

Fementor Production
[283] Fed-batch fermentations on a 5-L scale with intermittent or continuous feeds

of casitone and methyl oleate were prepared as follows. Twenty grams per liter of
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24 h or continuously with peristaltic pumps (W. Marlow). The cells were allowed

to grow for 10-12 days until considerable cell Iysis was noted.

Epothilone Quantitation .
[284] Prior to the use of the XAD-16 resin in the fermentations, 1 mL of culture
broth was sampled from the production flasks or bioreactors and centrifuged at:
13,000 g for 10 min. Quantitation of the epothilone products in the supernatant was .
carried out using a Hewlett Packard 1090 HPLC with UV detection at 250 nm, Five
hundred microliters of the supernatant were injected across a 4.6 x 10 mm guard
column (Inertsil, ODS-3, 5 pm). An online extraction was then performed at a flow
rate of 1 mL/min. with a 100% water wash for 0.5 min., followed by a gradient to
50% acetonitrile over 1.5 min. The eluant was diverted to waste for the first two
minutes and was passed onto a longer separation column (4.6 x 150 mm, Inertsil,
ODS5-3, 5 um) thereafter. Separation of epothilones C and D was performed with a
gradient from 50% to 100% acetonitrile over 8 min, followed by a 100% acetonitrile
wash fo:; 3 min. Under these conditions, epothilone C eluted at 9.4 minutes and
epothilone D eluted at 9.8 minutes.
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purified epothilone D.

Cell Growth Determination

[286] - Cell growth in the absence of methyl oleate was monitored by measuring -
the optical density (OD) at 600 . Samples were diluted with water until the final

. OD values were less than 0.4. Because the addition of methyl oleate to culture

medium results in the formation of an emulsion that has a strong absorbance at
600 nm, cell growth in the presence of methyl oleate was determined by dry cell |
weight (DCW). Forty milliliters of culture broth were centrifuged at 4200 g for 20
‘min in preweighed test tubes. The pellets were then washed with 40 mL of water
and dried for 2 days at 80°C before weighing.

Ammonia Determination
[287] One milliliter of fermentation broth was clarified by centrifugation at 13,000

g for 5 min. The supernatant was then used for ammonia analysis with an
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prepared In
acetonitrile wash for 5 min. Because of the heterogeneity of the carbon chain

lengths of commercial methyl oleate, this compound was eluted as two main peaks
that were detected at 25.3 minutes and 27.1 minutes. Methyl oleate bound to the -
XAD-16 resin was quantitated from the methanol extract using the same HPLC -
method. Standards of methyl oleate were prepared in 83.3% acetonitrile,
Consumption of methyl oleate by the cells was calculated as: (total methyl oleate-

added) - (residual methyl oleate in medium) - (methyl oleate bound to resin). -

RESULTS

[289] The Myxococcus xanthus strain K111-40-1 was initially cultivated in a batch
fermentation process with a simple production medium consisting only of 5 g/
casitone (a pancreatic casein digest) and 2 g/1. magnesium sulfate. The baseline

performance of the cells is shown in Figure 6.

[290] Maximum cell density and epothilone D production were attained three
days after inoculation at an ODsgo of 1.6 and a corresponding titer of 0.16 mg/ L.
Both cell density and product yield decreased substantially thereafter. With the
consumption of casitone by the cells, a graduél accumulation of ammoninm was
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| Medin Development
[292] Inan effort to develop a medium that can support higher cell density and
epothilone production, the influence of casitone on growth and product yield was
evaluated by varying its concentration from 1 g/L to 40 g/L in the production
medium. Although cell growth was stimulated with increasing casitone
concentrations, the specific productivity of the cells declined signiﬁcanﬂy,. as -
shown in Figure 8. The optimal casitone concentration for epothilone D production
was reached at 5 g/L, with higher concentrations resulting in decreased titers.

{293] Because media improvements were limited with the use of casitone,
alternative substrates were evaluated as supplements to the basal production
medium. From a detailed screen of different oils, methyl oleate was identified as a

carbon source that promoted the greatest increase in epothilone D production, as

sumimarized in Table 3.
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[294] However, the direct addition of methy] oleate to the production medium

resulted in premature cell lysis. Therefore, the seed cultures were grown in the

presence of methyl oleate prior to the production fermentations. Interestingly, this

adaptation process rendered the cells less susceptible to lysis. As shown in Table 4

(Improvements in Growth and Production Compared to Baseline Performance in

CTS Medium in Batch Fermentation), a peak biomass concentration of 2.1 g/L and

an epothilone D titer of 3.3 mg/L were achieved with a methyl oleate

concentration of 7 mL/L and a trace elements concentration of 4 mL/L.
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[295] Further titer improvements were not observed at higher methyl oleate -

concentrations, as shown in Figure 9.

[296] Inaddition to demonstrating the significance of methyl oleate oncell
growth and production, the above graph also emphasizes the importance of trace *:
-elements in the production medium. In anticipation that the nutrients supplied by -
casitone may not be sufficient for vigorous cell growth, an exogenous addition of .

. trace metals was added in conjunction with the methy! oleate. Surprisingly, this
supplement was found to be essential for both growth and production
enhancement. In its absence, the maximum biomass concentration and epothilone
D titer were only 1.2 g/1. and 0.12 mg/1, respectively. This low titer was
comparable to that obtained with the basal medium.

Fed-Batch Development

[297] In the presence of optimal concentrations of methyl oleate and trace
elements in a batch fermentation process, exponential growth of the M. xanthus
strain occurred during the first two days after inoculation. Production of
epothilone D began at the onset of the stationary phase and ceased when cell lysis
occurred with the depletion of methyl oleate on day 5, as shown in Figures 10A

and 10B. The time courses for methy! oleate consumption and ammonia
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coi nci ded th-2t e stationary growh phase, and a final vyi e? of 9.8 ng/L
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[299] Methyl oleate was depleted at the same rate it was fed to the bioreactor, and
ammonia accumulated at a rate of 3.2 mM/ day. Lower feed rates of casitone.or -
methyl oleate greatly reduced the epothiléne D titer, while higher feed rates led to
the premature lysis of the cells before significant production was achieved.

[300] To test the effectiveness of the fed-batch process on a larger scale, casitone
and methy] oleate were added intermittently at 24-h intervals to a 5., fermentation -
in a bioreactor. As shown in Figure 12, the resulting production curve closely‘
resembled that for the flask cultures. ‘The substrate feeds were initiated 24 h after
inoculation, and the production of epothilone began on day 4. A peak epothilone

D titer of 9.2 mg/L was obtained ten days after inoculation.

[301] To assess the impact of a more refined feeding strategy on growth and

production, the dual feeds were delivered continuously to the bioreactor. As

illustrated in Figure 13A, the implementation of the contintous feeds did not affect

the growth of the cells, but it increased their productivity by nearly three-fold. A
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[303] One of the major barriers to attaining a higher epothilone D titer was rapid
degradation of the product in the fermentation broth. This problem was alleviated
with the incorporation of an adsorber resin to the culture medium. The addition of .
XAD-16 did not affect the growth of the cells but minimized the loss of the

excreted product and increased its recovery by three-fold.

[304] Another obstacle to enhancing the production yield-is the limited
improvement in titer with the use of casitone as the primary carbon and nitrogen
source. Although growth of the M. xanihus strain was stimulated with increasing
casitone concentrations, a concentration that exceeded 5 g/L resulted in a dramatic
decrease in titer. This inhibitory effect in secondary metabolite production at high
concentrations of peptone or casitone has previously been demonstrated in several
other myxobacterial fermentations and has been attributed to the accumulation of

ammonia in the culture medium.

{305] Because M. xanthus is incapable of metabolizing polysaccharides and sugars -
{(Reichenbach and Dworkin, 1991), its ability to utilize oils as a carbon source was
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improvements, however, were observed only with the simultaneous addition of

~ trace metals to the production medium. The sole addition of methyl oleate at 7
mL/L increased the maximum cell density from 0.4 g DCW/Lt0 1.2 g DCW/L,

. but the production remained at the baseline level. With the exogenous supplement

- of 4 mL/L of trace elements, the peak biomass concentration increased o 2.1 g -

- DCWY/L, and the epothilone D titer was boosted from 0.45 mg/L to 3.3 mg /1.

- These findings indicate that nutritional components deficient in casitone may be

important for the growth of M. xanthus and the formation of epothilones.

[307] With the establishment of optimal concentrations of methyl oleate and trace
elements for a batch process, efforts were made to develop a feeding strategy to
maintain vigorous cell growth and to prolong the production period. Intermittent

- and continuous feeds of casitone and methyl oleate at constant rates were
evaluated, and both methods resulted in similar improvements in the growth
profiles. With optimal feeds of the two substrates, maximum cell densities of about

6.8 g DCW/L were obtained. In both cases, methyl oleate was depleted as it was
added to the fermentation medium.
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[309] Compared to the batch cultures with the basal medium, the continuous fed~
batch cultures yielded a 17-fold increase in cell density and a 140-fold increase in
titer. This process has been scaled from 5-L to 1000-L and shown to perform
equivalently. The results shown for producing epothilone D on a manufaciuring
scale demonstrate that M. xanihus can be used as a host for the production of othet

‘biologically active molecules from myxobacteria.
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[3261 Su et al. 1997. Structure-activity relationshi ps of28t(eolepd@ddd | ones
.and the first in vivo conparison with paclitaxel. Angew Chem Int Ed Engl
36: 2093- 2 . 1 Tang et al.'. 2000. Coning and hetero expressi on
“of the epg‘?ﬁioll'[gs:%z .gene duster.' Science 287:640-642. 120|P§32@1’5ﬂ? 2004
WO 01/ 83800 PCT/ US01/13793 B. Production of Epothilone B Flasks [3281 A1
m. vial of the K111-32 25 strain is thawed and the contents transferred
into 3 nlL Bf CWrodwdidnwfEpathiloneBgl ass tube. This culture is incubated for
7212 hour t 30C, followed by the subculturing of 3 nL of this tube
culture i O mL of CYE nedia wthin a 250 -nL baffled Erlenneyer fl ask.

This CYE f . ' _ad4 0 d 2. of this. seed
Th S O oK AT miSMSRI K131 308 DL 3o Rl i bl Slndllda
CTS-TA nedieo 3 mlao28YBHeed m&dih fih 814/ tABEEIAS cﬁlt_afé%incT&ﬁﬁsd%J%ﬁ*ﬁmzaf e
t-hen incubated at 30C for 4812 hours, wth a nedia pH at the beginning of
7. 4. Fer mémugs et 30782 dollowsd iyl the sibodtirimg ek P anks o6 thie tuld thltgi-idfo BEmI,
describedgt@gﬁ is used,, wth the additional step that 25 nL of the 50 nL
CYE seed i sgdia mathina 4>050b bafiled Frlenmeyenflasls ddun@FH flaskdd i s used to
i nocul ate . L.fer or conkajnin .S.L.of CISTA agnd. 1 g/L of

sodi um pyr’ﬁﬁaé??fﬁ%ﬁ%g&%é ag%ﬁd 2'@8&58’? ﬁl"‘%‘sem_ﬁ? §f\‘1ﬁdn‘igf’nt ation
are: pH - j afiheadd s fﬁﬂgﬁi t - These

par anmet er slﬁov\g%]g suff'ciﬂgln?net. nau:;:ﬁtggl nt @Iﬁgétﬁ%l;%g#g?\é%%‘%@f%

sat ur at i orbaffléd Eplenamyer flhsk)sThes a8 aby tiagdint-ibatedfat 20%C bhisatlf10Hkraci d

and sodi um hydroxide to the cultures. Peak epothilone titers are achieved.
at 488 . 1ith e media pidedthe beginningpfthi | one D .- Flasks [330] A 1-nl vial
of the K111-40-1 strain (described in Exanple 4} is thawed and

Fermentors

329] A similar inoculum expansion of K111-32-25 as described above is uséd,
with the additional step that 25 mL of the 50 mL. CYE seed is subcultured into 500
mL of CYE. This secondary seed is used to inoculate a 10 L fermentor containing
9.5L of CTS-TA, and 1 g/L of sodium pyruvate. The process parameter setpoints
for this fermentation are: pH - 7.4; agitation - 400 rpm; sparge rate - 0.15 vvm.
These parameters were sufficient to maintain the DO at greater than 80% of
saturation. The pH control is provided by addition of 2.5 N sulfuric acid and
sodium hydroxide to the cultures. Peak epothilone titers are achieved at 488

hours. .

C. Production of Epothilone D
Flasks '

[330] A 1mL vial of the K111-40-1 strain (described in Example 4) is thawed and
 the contents transferred into 3 ml., of CYE seed media in a glass tube. This culture
is incubated for 72+12 hours at 30°C, followed by the subculturing of 3 mL of this
tube culture into 50 mL of CYE media within a 250 m. baffled Erlenmeyer flask.
This CYE flask is incubated for 2448 hours at 30°C, and 2.5 mL of this seed (5%
v/v) used to inoculate the epothﬂ;)ne production fiasks (50 mL of 1x wheat gluten

121



the contents transferred into 3 nL of CYE seed nedia in aa@basseipg. This
culture is incubated for 7212 hours at 30C, followed by the subculturing
of 3 nmL Ml tube culture into 50 nL of CYE nedia withj
baffledé&?tgﬂ?r%goer PP ack U OV T sk s mcupat o't o ChsoREted"
30C, and 2.5 nL of this seed (5% v/v) used to inocul ate the epothilone
production flasks (50 nL of 1x wheat gluten 121 28 Cctober 2004 . WO

01/ 83800 mratiaiise 2603nb baffiad Brlenmeyesfiasi). Thesd BaskErare thayincubhteskyt These
fl asks are.then | bat ed 30C, f 4812 hours, with a nedia pH at the
begi nni ngq’(ao(??‘?lf@éﬁégﬂﬁﬁt arf‘ﬁ%‘f‘]ﬁi%itﬁ? PegmniRs 6f di expansi on of
K111-40-1 as descri bed above is used, with the additional step that 25 nL
of the 50 nL CYE seed is subcultured into 500 nL of CYE. 250 niL of this
secondar Yepp@flosss used.to inoculate a 5 L fernentor containing 4.5 L of
CTS-TA, with a 1 g/L daily feed of sodium pyruvate. The process paraneter
set poi nt $33ljr A sinsildrdnoewlum expanmion opK111-404t amdedcaitiedrabt®e is psed, spithge
rate - 0.15 yym These paranmeters were sufficient to nmaintain the DO at
greater theaddigena) %Pstgﬁh?%m[oﬂﬁl'@@ Bl (R seed is subgudired dnte\p08dul wafon of

Ui cer s afe el st MR SRt bR Rofi £ o et CordRBha g
apd e Bonk opRatol hORAYP 1 B/ StePeba OBl ek aTabh ik sumrary of
I-vs ﬂlzgcgc I enc eéi@ 3?%%%%%%%%%? gﬁ%&@i{‘ tfa?%ﬁ - 4B dfr gt

rate - 0.15 vvm. These parameters were sufficient to maintain the DO at greater

than 80% of saturation. The pH control is provided by addition of 2.5 N sulfuric

acid and sodium hydroxide to the cultures. Peak epothilone titers are achieved at

3618 hours. The peak epothilone C titer is 0.5 mg/L, and the peak epothilone D

titer is 1.6 mg/L..-

[332] Tableb is a summary of the media that were used and their respective

COIIIPOIIEIItS.‘
TABLES
CYE Seed Media Component Concentration
Casitone (Difco) 10 g/l
Yeast Extract (Difco) 5L
MgSO,-7H,0 (EM Science) 1g/l.
, HEPES buffer 50 mM
CTS-TA Production Component Concentration
Media
Casitone (Difco) _S5¢glL
MgSO,-7H,0 (EM Science) 2g/L
L-alanine, L-serine, glycine 1 mg/L
: HEPES buffer ‘ - 50 mM
1x Wheat Gluten Component - Concentration
Production Media ' o
‘Wheat Gluten (Sigma) S gL
MgSO, -7H,0 (EM Science) 2gL
HEPES buffer 50 mM
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Canponent Concentration Media Casitone ifco5 M SO4. 7TH20 ( BN Setoberep2 g/ L

+ L-al ani ne, L-serine, lycinel mHEPES buffer50 nM | x Weat d uten

Conponent tion Production Media Wheat G uten (Sig 5 ag/L M

© SO4. 7TH20 ?@?A%g’g;fsgﬁce)z g/ L HEPES buffer - -. 50 mM 122 28"?;?'1”&%81“32%4 WO
01/ 83800 PCT/ US02/ 13793 The CYE seed nedia and the CTS-TA production nedia
are sterizlied by autoSterilized autoclaving for 30 mnutes at 121C. The
wheat gl utEie QYBdued hiddlia BRd ithe CISST &7 %?ﬁé&’% 45 m nut es
at at 121C. D. Production of E othiI% erbgﬁgﬂgﬂ%n?c%i%%} xocogrciu xant hus
[333] | n owsoSteribiced attuelgying éot 30 mirntes @b 1210 Ths wiieat BhiteN ploduction
fernmentation, process for Myxgcoccus strains, including but not limted to
M xant huénf@fif-’ﬁ@r’i‘?edﬁ’ﬁm’@‘éﬁ%qéﬁmﬁﬁrﬂtr@d?@ provi des car bon
sources that can be utilized - w thout generation of ammonia. In one
preferred enbodi nent, the carbon source is an oil, such as nethyl oleate

or a simImr Oifreductifn SPBEGMAGRIY ah@ Bl Fo Ak oot kGl ST Teed ratios,
t hese nethods resulfTéd In e production of e mes C and D,

pr edoni-nar833] dpoukiasped, the presérehinbenticn progides amikiprboed Feriatias
descri bed Dbel 0\% Seed Culture [334] Afrozen | nL vial of M xantlzus

K111- 40- 1 FERF458 1l rpregeusatiainy, dagfudingbut net limitestodd dianthas Khl 24041/ L
methyl ol qﬁ%&ﬁ%@f&&e&?&ﬁ&?&%ﬁ% fi\rgviglis ggrbon sources that can be utilized

without generation of ammonia. In one preferred embodiment, the carbon source

is an oil, such as methyl oleate or a similar oil. In shake flask tests with a variety of
feed ratios, these methods resulted in the production of epothilones C and D,
predominantly epothilone D, at levels ranging from 15 to 25 mg/1., as described

below.

Seed Culture .

[334] A frozen1 mlL vial of M. xanthus K111-40-1 cells that had been grown in 50
mL of CYE medium with 2 mL/ L methyl oleate was used to inoculate 3 mL of :
fresh CYE medium with 1 mL/L methyl oleate in a sterile glass tube. The tube was
incubated at 30°C in a 250 RPM shaker for 24 hrs. The inoculum in the glass tube
was then transferred into a 250 mL unbaffled flask that contained 50 mL of fresh
‘CYE medium with 2 mL/L methyl oleate. The flask was incubated at 30°C in a 250
'RPM shaker for 48 hrs.

Production Flask :

[335] 1 of Amberlite XAD-16 was sterilized in a 250-mL unbaffled flask by
autoclaving at 121°C for 30 min. 50 mL of sterile produétion media‘we:re then
added to the flask. The flask was inoculated with 5% (fr /v) of the seed culture and
was placed in an incubator shaker operéting at 250 RPM and 30°C. A 3 mL/L/day
feed of sterile methyl oleate was initiated two days after the time of inoculation,
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fresh CYE mediumwith 1 niL/L nmethyl oleate in a sterile @sas&obdtheos The
tube was incubated at 30C in a 250 RPM shaker for 24 hrs. The inoculumin
the gl as ovas then transferred into a 250 ni. unbaf t hat
cont ai ne?@gﬁﬁfo of fresh CYE mediumwth 2 nL/L nethyl g@gou#ﬁ%kflask
was incubated at 30C in a 250 RPM shaker for 48 hrs. Productlon Fl ask
[335] 1 g of Anmberlite XAD- 16 was sterilized in a 250.-nmlL unbaffled fl ask

Chen’ nantd a8l fLasy ked Sondtomt Mos el Ebnf SRk BCRIRATY) "o the.

w

seed cul 44851 was placed in an incubator shaker operating at 250 RPM
and 30C. A 3 nL/L/ day feed of sterile nethyl oleate was initiated two
days after the tinme of - inoculation, 123 28 Cct ober 2004 WO 01/ 83800 =

PCT/ US01/ 13793 and a 2 g/ L/day feed of casitone was initiated one day after
the ti nepﬁfductﬁéfé‘ﬁﬂi@ﬂl on. Product Extractlon [336] After 14 days, the XAD

Lube. Exk6l r°d3%t¢ b R Ap RS Sﬁ%@ﬁ%ﬁ WAL 1 he

resin. I to
setSIt | e. ?‘ge vva er |ge¥%ze'hf-g( %Sﬁg can dgﬁvﬁe?aﬁ%%{ie%%yﬁg%éﬁf fc})}v&tqﬂ%
resin, of Shetesh. TR XA tesiEWas RildetabRed KAtH 2D T, ferat@rtrld dlUswed ube

was placed on a shaker at 175 RPMfor 20-30 min. to extract the epothilone
pr oduct std settiet Fee wasemin ﬁhéuhemruhbamdnaﬁhommovimlgfmyr@fdmmeﬁnn ew

centrifuge tube_ far ora analysjs. [337] Table 6.is a summary
of the ndBfa0gRkwof mfia gW%@gql q%géc'{h%en hHeerwas pleed o CYE -
Medi aCompopent Q%8 KRt £0230GDThIORS ehl 52 e%o%hxlone products from the

resin. The methanol extract was transferred to a new centrifuge tube for storage
and LC/MS analysis.

{337] Table 6 is a summary of the media that were used and their respective

‘components.
TABLE 6
1 CYE Media Component ~ Concentration
Casitone (Difco) _ 10 g/L
Yeast Exiract (Difco) - 5glL
1 MgSO,-7TH,0 (EM.- - gl
Science)
Production Media Component Concentration
Casitone (Difco) 5 ¢/l
MgSOy4-7H,0 (EM 2gL
Science)
Added to Production
Media after autoclaving
1000x Trace Element 4 mL/L
Solution
Methyl Oleate 2 ml/L

The CYE media and the production media are sterizlied by autoSterilized N
autodawng for 30 minutes at 121°C. The trace element solution is ﬁlter—ster]hzed

'the methyl oleate is autoclaved separately
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Yeast Extract (Difco5 MgSH. 7H20 (EM .1 g(L Sci ence) Prod&ddsteter 2004
Medi aConponent Concentrati on Caaitone ifcob MgSO4. 7H20 (EM 2 g/ L Sci ence)

~Added to &Qﬂﬂgan Medi a after autoclaving |000x Trace El Ement 4 rnL/L
Sol uti on y eate2 m./L The CYE media and the producPFHVSHEHS are

sterilized by autoSterilized autoclaving for 30 mnutes at 121C. The trace
el ement solution is filter-sterilized; r the nmethyl oleate is autoclaved

o1 oment - sBT R e BE g CHBR A e B sCumbinie A b enpp oA B bl
ol une o Al AR, LREASEaR DA the SRl o L PR, e

volume to 1 L. TABLE 7 The resulting s 'Tzed. E.
Fer nent at vohuReéadlldt.i on, and Purificati on of Epothil ones from Myxococcus

- - TABLE 7

1000x Trace Element Component ~ Concentration

Solution
FCCI3 8.6 g/L
ZnCl, 2.0 g/l
MnCl,-4H,0 1.0 g/L
CuCL-2H,0 043 g/l
H,BO, 0.31 g/L.
CaCl;-6H,0O 0.24 g/l
N32M004'2H20 0.24 g/L

The resulting solution is filtered sterilized.

- E. Fermentation, Production, and Purification of Epothilones from Myxococeus

Xanthus
Description of M. xanthus strains
[339] Strain K111-25-1 is the epothilone B producing strain, which also produces
epothilone A. Strain K111-40-1 is the epothilone D producing strain, which also -

produces epothilone C.

Maintainance of M. xanthus on plates _

[340] The M. xanthus strains are maintained on CYE agar plates (see Table 8 for
- plate composition). Colonies appear approximately 3 days after streaking out on

the plates. Plates are incubated at 32°C for the desired level of growth and then

stored at room temperature for up to 3 weeks (storage at 4°C on plates can kill the
cells).

125



xant hus Description of M xanthus strains [339] Strain KRBIG#b5bek 20684t he

epot hil one B producing strain, which also produces epothilone A Strain ;
K111-40-1 i)s t he epothilone D producing strain, which alsq,' "Mproduces

epot hi | on8O8V38}Y nt ai nance of M xanthus on plates [3401 TP hus
strains are maintained on CYE agar plates (see Table 8 for plate
conposition). Col oni es appear approximately 3 days after streaking out on
the plates. Plates are incubated at 3 f é the desired | evel of growth and
then stored at roomtenperature forTégItEg 3 weeks (storage at 4C on plates .

can kill th hi s pug:Inc . tion Sol ution
FeCl138. 6 ¢/ l%g@%aﬁ t dﬁpéﬁ%q""‘" 0—g/it—CuCt2 gﬁ.&? &?‘8?'.{_?%8080. 31 g/L
CaCl2. 6H200(24 g/L Na2|\/bO1'( '%e L 125 28 Cctpber 2004 V\b 01/ 83800 B
TABLE 8 PCTAUSO1/ 13793 CXE Llah ' Hydrol yzed
casein 10 ghAL (pancreatic oS 15 o/ _
1 M MOPS buffer solution (pH 7.6) 10 mL/L
*1 L agar media batches are autoclaved for 45 minutes, then poured out into petri

dishes.

Oil adaptation of M. xanthus for Cell Banking

[341] Transfer a non-oil adapted éolony froma CYE plate or a frozen Viél of cells
into a 50 mL glass culture tube containing 3 mL of CYE seed media and 1 drop of
methyl oleate from a 100 pL. pipet. Allow cells to grow for 2-6 days (30°C, 175 rpm)
until the culture appears dense under a microscope. Start several (5 - 7) tubes'in
parallel, as these cells do not always adapt well to the oii.

Cell banking procedure (Master Cell Bank)
[342] Start an oil-adapted tube culture as described above. When the tube culture
is sufﬁdenﬂy dense (OD =5 +/- 1), transfer the entire contents of the tubeinto a
sterile 250 mL shake flask containing 50 mL of CYE-MOM seed media (see table
below for media composition). After 48 £ 12 hours of growth in a shaker incubator
{30°C, 175 rpm), transfer 5 mL of this seed culture into 100 mL of CYE-MOM in a
500 mL shake flask. Allow this culture to grow for 1 day in a shaker incubator
(30°C, 175 rpm). Check culture microscopically for appropriate growth and lack of
- contarmination.
[343] Combine 80 mL of this seed culture and 24 ml. of sterile 90% glycerol ina
sterile 250 mL shake flask. Swirl to thoroughly mix, and aliquot 1 mL of this
- mixture into 100 sterile, prelabeled cryovials. Slow freeze vials by placing them in
a -80°C freezer.
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Yeast extract5 Agarl5 g/L M Sl g/L 1 M MOPS buffer sol ut§ ostobgt20046) 10
smLlL'i L agar nedia batches are autoclaved for 45 m nutes, then poured out

_into petdwgipshgge O ! adaptation of M xanthius for Cell | 341]
Transfer a non-oi? adapted colony froma CYE plate or a frggﬂﬁfswlgﬂ%sof

cells into a 50 nL glass culture tube containing 3 nL of CYE seed nedia
and 1 drop of nethyl oleate froma 100 gL pipet. Allow cells to grow for

2-6 days '@ﬂ@aﬁﬁﬁgﬁvﬁ%dur‘ér{w&ﬂd%%@eﬁ%ﬁlﬁ gl appears dense under a m croscope.

Start several (5 -- t ubes’ para , as these cells do not always

adapt wel [344) Shertaittibe Calthrdby khawiry eseolthe ridst @11 G8IK vBa odu3éd]

‘Start an oil-adapted tube culture as described above. Wien the tube culture
i s suf fi chésessikpshalzovea reom temparpiuney thesfdaposhingsits emtirecamttentt sntofa t he

modi a (508 BHEE CHBRTIAE it NP FEr bt Ben o tabe ReRE
Qulture | AER RS AR R et A il SRRe e e 9 8 Sl o

to grow f gferile d8Y mNskale Mk cd 90 mI( SOSYENDNIREL] n%}ﬁﬁkAftgi'&?'%i 3]

m-croscopically for appropriate growth and |ack of contam nat’ on.

Conbi ne 802 houns of Ficsvtefat 30 11T5apamltrddsfet 50hL of ehik keePOEir@lcsaes PHoi N a
sterile 25Q nl shake flask. Swirl to thoroughly mx, and aliquot 1 nlL of

this i xPie of CYFMON i 2p00 mL. shakiedbskedllowyids @ grovwsfand ap@GeCyi#ss by
pl aci ng them.i elli-SOC freezer, 126 28 Oct ober 2004 WO 01/ 83800
PCT/ USO1/ 189 beq H%‘EHR‘F%C%&)@&?P wBrlicontrramatioBank) [ 344] Start a

tube culture by thawing one of the master cell bank vials produced

[345] Combine 80 mL of this seed culture and 24 mL of sterile 90% glycerol in a
sterile 250 ml. shake flask. Swirl to thoroughly mix, and aliquot 1 mL of this
mixture into 100 sterile, prelabeled cryovials. Slow freeze vials by placing them in
a -80°C freezer.

Composition of Seed Media

[346] The same seed media as described by Table 9 is used for cell banking and
the expansion of the cell bank vials up to any required volume.

- TABLE9 _

CYE-MOM Seed Component Concentration
Medium* ‘

Hydrolyzed casein (pancreatic 10g/L

digest) - Difco

Yeast exiract - Difco 5g/L

MgSO,-7H,0 -~ EM Science 1g/L

| Methyl QOleate - Cognis 2 ml/L

_*Note: the methyl oleate is added after the other ingredients, as it forms an emulsion in the
casitone and does not completely mix with the other components. '
Inocula Scaleup for Shake Flask, 5L, and 1000L Fermentations
[347] Thaw a frozen working cell bank vial of the methyl oleate adapted cells.
Transfer the entire contents of the vial into a 50 mL glass culture tube, containing 3
mL of the CYE-MOM seed media. Place tube in a shaker (30°C, 175 rpm), and grow

for 48 + 24 hours. Transfer the entire contents of the culture tube into a 250 mlL
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as described above at roomtenperature, then depositing i28%0enbérr2604
contents. into a glass tube containing 3 nL of CYE-MOM seed nedi a. \Wen
this tubgyggikies is sufficiently dense (D=5 -"-/-- 1 t he
entire contents of the tube into a sterile 250 nL shake %Fgﬁsaglgiﬁéi ni ng
50 nL of CYE-MOM seed nedia. After. 48 12 hours of growh (at 30C 175
rpm, transfer 5 nL of this seed culture into 100 nL of CYEEMOMin a 500

nmL shake - 1.1 d : ck

i cr oscopredt st tortirb 0L U Mok bk it PG Ak Tha RS 1
seed cul Y@, and rgth) Brdairow S 482+ 39 Hoaks FoF ake | | @ efidflerfi@l, Shake
fl ask SV\AF(H to trll—grgughl m x, and glﬁ?}quot 1%&&8?1@%1(53{2%1% tureerlﬁgfto 100
steril e, expahdithisasded bysubatiturifgn@ thi e thiswidiuge hytopd(asil nef frdTYR- a - 80C =
freezer. Conposition of Seed Media [346) The same seed nedi a as descri bed

by Tabl e MOM in&aww sgedcdasksplnmubate seed flasks in shelresi GA°Gf 1 5eprakfar 2ank .
vials up any .requi red volupge. TABLE 9 *Note; t hyl oleate is added "
after thé&g‘l%g for] aghgga,cuggmifpr ﬁ@‘lﬁﬁﬁ‘)’é\m"efﬁﬂ “Sf@ﬂ Brrducken t one and

does not ) ' [ T yl | eup. f.or
Shake FI §§§mé{m%%ﬂféﬁyeh:§’éb{@ﬁ?a igto‘%g%%? @%*ﬁ‘é’eé‘%&fsresﬁeaﬁ%a%boea | |
bank vi a|méﬂia)ﬁﬁﬁﬂp&(’ﬂﬁhl@| eate adapted cells. Transfer the entire contents .=
of the vial into a 50 nL glass culture tube, containing 3 nL of the _ -
CYE- MOM seed nedi a. Place tube in a shaker (30C, 175 rpn), -and grow for 48
24 hours. Transfer the entire contents of the culture tube into a 250 nL

cYE- vom $38) dsnprspare exasisdar smallsgalond i~ A0 LHpomentationscowulturp e r eati ¢
10 0/ L 0 G550 doieRld Son PS50 3 scedHA Tl k28 ¥ Bimd DA 70
- containing 500 mL of CYE-MOM. Incubate this fernbach flask in a shaker (30°C,
175 rpm) for 48 + 24 hours for use as the fermentor inoculum. Inoculate the - .

production fermentation at about 5% of the combined initial volume.

[349] Further seed expansion is required for large scale (1000 L) fermentations.
Here, 1L of the fernbach flask seed is used to inoculate (5% by volume) a 10 L seed
fermentor containing 9 L. of CYE-MOM. The fermentor pH is controlled at 7.4 by
addition of 2.5 N potassium hydroxide and 2.5 N sulfuric acid. The temperatire is -
set at 30°C. The dissolved oxygen is maintained at or above 50% of saturation by
cascading of the stir rate betWeen 400 —700 rpm. The initial agitation rate is set at
400 rpm, and the sparging rate was maintained at 0.1 v/v/m. After ;'7_4‘.1 12 hours-
of growth in the 10L fermentor, the entire culture is fransferred into a 150 L-
fermentor containing 90 L CYE-MOM. The pH is once again controlled at 7.4 with
25N potassiﬁm hydroxide and 2.5 N sulfuric acid. The temperature is set at 30°C.
The dissolved oxygen is maintained at or above 50% of saturaﬁoﬁ "5y éascading of
the stir rate between 400 - 700 rpm. The initial agitation rate is set at 400 rpm, and
the sparging rate is maintained at 0.1 v/v/m. '
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Met hyl O eate - Cognis2 nmLIL 127 28 Oct ober 2004 WO 01/ 83800ctober 2004

. PCT/ EJS01/ 13793 shake flask containing 50 nL of CYE-MOM seed nedi a. Pl ace
flask in xshpkase  (30C, 175 rpm) and grow for 48 24 hour se in
shake fl as expeéﬂl ments, expand this seed by subcul turi ngﬁqﬁﬁg{mg?”thi S
culture into 40 mL of fresh CYE- MOMin 5 new seed flasks. |ncubate seed
flasks in shaker (30C, 175 rpm for 24 12 hours for use as an inoculum

for flask cultures. I nocul ate production
f1 asks at }%ﬂ%;o g‘?‘h%%%nf&%@’wf@’g%‘?’%% oroduct ion . media) initial
vol une. T?arﬂaf@%’é@-eﬁﬁﬁ@é a&mmﬁr&tbqu@;esﬁﬁ(k&&@}fa% fiflfti 4tions,

subculture t . entire contents of one of these 50 see sks into a
steril e 2n@thadeisafeaainthines wittcamiaimimngvelfnerb @hn@é:'ﬂ'lh/lﬂkél ghhefXMATR16 hi s

fernbach flask in a shaker (30C, 175 rpm for_ 48 24 hours for use as the
fer nent or §sid 6@ dm kg @ E%ﬁﬂaf%qwamﬂta%@ﬁéﬂe@ﬁt?r6|1|}e‘ﬁr’taah|tb¢1r@m about 5%

For 1'ar genbrdrgnl i 100 méfandl e Shreove gy endiingfs %Séz%éé‘rhﬁgcéﬁg%ﬁgéﬁd
seed is U?&%t&da@%%ﬁl&@ﬂfesan{%ﬁb( t YOnEHEh, ?Fg@tégagﬁgeg CRFHITR L r&RNLE ML 1Y

9 L of CYOMOM The fernentor IS cont F‘ZSN

. pot assi unkiipgitaens ge. Glitkra @nﬁ&&i&&bt@kﬂ@?ﬁbn@' BEXVAIEY. M #heliethansPl Al
30C. The di ssol ved oxygen is naintai ned at or above 50% of saturation by

cascadi ngand XAde shuiry ford mihutesde memp@e anyodongmersTheesent omn die ¥AD-36. on

rate is s 400 rp t he, sparging rate s maintained at 0.1 v/v/im
After 24 g‘ﬁﬁl‘ﬁﬁl %r%’&ﬂﬁ%ﬁw@%?ﬁ% graeniation flepauiking.e is

aga - contid bl e 8Sinltg bt Bestle sSERLREDS et yiiesciirin 1S Pl Fur e
aci d. ThenicehRes #Edthehé sosRingt 1&9&&516 Beodi Lﬁéﬁ'l%ff#d? b&ﬁ@e@&gi'n‘?d at

or above 50% of saturation by cascading of the etvveen 0 - 700
rpm The KA bed. mmmmxm@dm@and&éﬂﬂﬂrmxmgdontdmeﬁpml ng rate
S malntalned at_0.1 v/v/im

V
icon V. A250 column. Attach the top bed suppost to the column and seal the bed
support by turning the seal adjust knob clockwise. Wash the XAD in the column

with not less than 5 column volumes of methanol at 300 + 50 cn/hr. Collect

methanol flow through in the solvent waste receptacle. Wash the XAD in the

column with not less than 10 column volumes of deionized water at 300 +50 -
cm/hr.

[351] The composition of the epothilone production media is described in Table

10.
, TABLE 10 _
CTS-MOM Production Media | Component Conceniration
' Casitone (Difco) 5/l
MgS0,-7H,0 (EM 2g/L
Science)
XAD-16 ' - 20 g/l
| Added afier autoclaving

h 1000x Trace Element 4 mL/L
Solution o
Methyl Oleate 2mL/L

*Note: the methyl oleate is added after the other ingredients, as it forms an emulsion in the
casitone and does not completely mix with the other components. Tracc Element Solutton is
as described in Table 7.
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128 28 Cctober 2004 WO 01/83800 PCT/ USO /13793 XAD- 16 ResigrOdHsepanesi on for
. Fernmentati ons 1350] Transfer the required anount of XAD-16 resin (Rohm.&
Haas) i nt jhanol safe container with a mni mum volu s the
wei ght of\%&&s% resin (i.e., 1.2 kg of resin requires arpcjccr)l%sog’r%yrpggf at
least 3.6 L). Wash the resin thoroughly with 100 % net hanol to renove any
nononers present on the virgin resin. Add two tinmes the anmount of nethanol

ot hanol OB HEL P Rl QR ety FreBREP T fiatidh Jup"S1 urry ror s
m nut es t[a57]e A chive TEDSINADE1RIES 950 ntDshdle KR With suBfibient 88@nldd Y

gently while mxing to mnimze resin fragnentation. Stop m xing, and R
al | ow t hevates {3 nol.) graovet themisin. dlésks are sterilivedibyeautbblavimgfe30 Drain the  ~
met hanol fromthe cont ai ner, IeaV| ng a 0.5 to 1 inch [ayer of nethanol

above t haningtes afck? ¢réﬁ1§]f®|e pHewiapmadia fempanents todheitflesk asepiiepllyohGai ner _
seal ?&ﬁtﬁ@?ﬁé@@%"' s enegnd 25t LHEH %ﬁmie“e Semiahis ne
)5<8\Dclr71r]h£ @Wf‘?@mﬁ@@ﬁu@ﬁi&rqﬁ&@ Hﬁ"ﬁq’%‘gﬁé \ségj[ Vent waste red ]g%l gtcl 200

Wash t he C¥iDséed fllsk %m/wm Y ohghe RS IntdbaRd t!&@?rbﬁh@ﬁ&% flakks
dei oni zed water at 3000 50 cmhr. [351] The conposition of the epothilone

product i am ashileriet 364S andiF8 rpm.Tabl e.  10. TABLE 10 CTS- MOM Producti on
Medi aConponent Concentrati on Ca5| tone ifcos NgSO4 - 7H20 (EM 2 g/L SCI ence)
XAD- 1620 g/ L

[353] Start the casitone and methyl oleate feeds 24 & 6 hours after inoculation. At
this point, and every 24 * 6 hours thereafter, feed 1 mL of a 100 g/L casitone

O

solution and 150 pL of methyl oleate. Continue this feeding regimen for up to 13 -
- days following the initial feed, or until cells are observed to begin lysis (day 11-14). |

To determine epothilone production kinetics, a representative 5 mlL sample of

well-mixed fermentation broth and XAD can be sampled. Additionally, a small

(025 - 0.5 mL) sample of broth without the XAD can be taken daily to check on the

status of the culture growth visually. When massive cell lysis is observed, the

remainder of the culture volume should be harvested.

Preparation and 5 L-scale Epothilone Production Fermentation

[354] 100 g XAD and 8 g MgSOs-7HoO are combined with 3.9 L of deionized
water, and sterilized (90 minutes, 121°C) in a 5 L B-Braun bioreactor. A sufficient
volume (133 mL) of a presterilized casitone / deionized water solution (150 g/L) is
‘pumped in aseptically to attain a final casitone concentration of 5 g/Lin the
fermentor. An initial methyl oleate concentration of 2mL / L is achieved by
addition of 10 mL of this oil. Finally, 16 ml ofa présterilizéd trace elements
solution are added aseptically prior to inoculation. The fermentor is then
ipoculated with 200 ml. of the CYE seed culture (4.8% volume / volume) and
permitted to grow for 24 + 6 hours. At this point,l the casitone (2 g / L / day,

continuous feed) and methyl oleate (3 mL / L / day total, fed semi-contimziously
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Added after autocl avi ng 1000x Trace Elenent 4 nl/L Sol uti2gnOdbbdry2000 eat e2
.m./L.*Note: the nethyl oleate is added after the other ingredients, as it

fornms an I in the - casitone and does not conpl et el 1 x With the
ot her corrp%g?{?%aoﬁ ace Element Solution is as described ¥ﬂ%?)‘l“é’79ﬁ 129

28 Cctober 2004 WO 01/83800 PCT/US01/ 13793 Preparation and Fl ask scale (50
m_) Epot hil one Production Fernentation [352] Autoclave 1g of XAD-16 in a

250 nmL sh ' I.Ci ei,oni _ ter (-.3 .to cover the
Fosin Pl oepy Aokl repdh skl hRIoR Bt e bPenb i iagg
the fol | opigg Rk (HRTRORESHE fhnématibh3tkuRpeRt : - MOM
production nedi um z(and 2.5 rrLgof 1 IKI\‘/:I%HEPES bu??g?h%ﬁ%c%ﬁrggrﬁsgka%egﬁ%’f 7.6
Wit h pot avariatiohy dhexdigs)lved nrygeratendehtratiohtisicasroliédatS % ok sefaritién CYE
seed flask (4.5% vol une/vol une inoculum. |ncubate the production flasks

on a shak®¥ astisng caserder@OPrRP rpeosTheltd% of saturadon dissolved origeyl ol eat e
feeds 24 6, fier i Lon. At _this.point, and ey 24" 6 h
t her caf t FAIPRRIRBYIRE bresBIBHeY PY Seubla thedniillagitetan ka0 5oy end thermy hy !
oo ! ! . : o
Cnici o ¢ ARyl AEAGW & 0.5 90T THeH BBttt ndibep @by uoRil] ) "C

det er ni ne addétidt bOAENIHESDE 4@ 5N KEFI CBpothilofRpR6 @SN ¥ehtanilslfos 3Ake Of
wel | -m xed fernmentation broth and XAD can be safpled. Additionally, a small

(0.25 - odsysafollewing imootlabion; tithi thedioreabior i\Baomstddewhet edll Bimid 6 t 0 check ;
obser ved, SPRE N Herh Pl i thi Serpand o exvgAran indisteddhethe -
YAD anq 5og ARG Reth) BBARFIE el WptthABHE D Bkl BERRIT redch 1678 nlg)) S

"L in this fermentation process.. :

Preparation and 1000 L-scale Epothilone Production Fermentation
[355] The 1000 L fermentor was prepared for epothilone production as follows.
600 L of water and 18 L. (11.574 kg) of XAD-16 was sterilized (45 minutes, 121°C) in
the fermentor. Trace metals and MgSO4 were filter sterilized (through a
presterilized 0.2 micron polyethersulfone membrane capsule filter) directly into
the fermentation vessel. 2.9 L of the trace elements solution as well as a sufficient
quantity of a concentrated MgSOy solution (to 2 g / L final concentration in the
fermentor) were added through the same capsule filter. About 200 L of a mixture

- of 117 g /L casitone and 175 mL/L methy! oleate was sterilized in a 260 L. feed
tank. About 32 L of this sterile mixture was added to the 1000 L fermentor. Water
was filtered into the vessel (through the same capsule filter) to bring final volume
to 710 L. Agitation was 100 rpm. Backpressure was maintained at 100 - 300 mbar.
When the dissolved oxygen (DO) reached 50% after inoculation, agitation was
increased to 150 rpm. When the DO again reached 50%, agitation was increased to
200 rpm. DO was controlled at 50% of saturation by cascading the airflow (0 Lpm -
240 Lpm). The pH setpoint was maintained at 7.4 by automated addition of 2.5 M
KOH and 2.5 N H;504. The fermentor was inoculated with 38 L seed from the 150
L fermentor (5% volume / volume).
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wat er, and sterilized (90 mnutes, 121C) in a 5 L B-Braurc®Doobanod. A
sufficient volume (133 nL) of a presterilized casitone / deionized water
sol ution,\(l?)SO [L) is punped in aseptically to attain a final casitone
concentra d’ﬂ,/sgﬁlﬂ% g/Linthe fernentor. An initial nethRCTV¥a3793
concentration of 2 mL / L is achieved by addition of 10 nL of this oil.
Finally, 16 nL of a presterilized trace elenents solution are added
aseptically prior to inoculation. The fermentor is then inoculated with
200 nmL of the CYE seed culture (4.8%volunme / volune) and permtted to

grow for [396] 6A8@#Hoh of8.520W. FhoR O 1%13(3%%%’:(?@{1 #ﬁggyg}(ctﬁ%%gff?éq é(g}glﬁ\{m began

conti nuous feed) and nethyl ‘ol eate

sem - contafterdhe DO 1&@had 508 (fbethe?Q04niBrkd,/ 2538000 RGTAMBR 3793 every 90  ~
m nutes) feeds are initiated. Airflowis held constant in the bioreactor at

0.4 - 0. snovationpand certiruedunt! thefeamentormwasharvasterdhdhe diokeapion gvass s

causes this Va‘ihﬁt ' on%. The dj sso] ved gxy en copcentration is-controlled ™
at 50% ofALXESIP ysggllowmg ?‘Pﬂ%igﬁb@a% epatilonsd tisens wanedetermminetl
saturati i n calibration point is established by setting

the ini t&§|b%a%°?’?‘g?§%n§a O rpm and the initial airflowat 0.5 vvm The

pH setpoint of 7.4 is maintained by automated addition of 2.5N H2504 and

2. 5N KOH. Epot hil one production continues for 11.14 days follow ng

i nocul at iFerweniatitm SivapbingPemedioe i s harvested when cell lysis.i's apparent

in the broth sanples_and the demand for oxygen (as indicated by the
agi t at i o294 djorinetin expasivaentsdn élasks, &5l B eof @@ghlyganemhgﬂoyh eadch 18

- 25 / in this f tatj . <P | d_1000 L- I
Epot | | OSBRI Aol B¢ a9 AeBBB e 1A ARE 80 s pr epar e
f t hilar.i - 1.574
o) of  xaD ! Bl EPE BlrPRBe oyl p . Sfpte O eNUTRBIAHRAR Aot redih 07
met al s andadVEsabiteeia of 30 i@/ cosiicdl ithbe Othe(ddmi@d $libéwaRtR&h %fﬂﬁt%&gth&sig

e

m cron pol yet hersul fone menbrane capsule filter) directly into
f er ment atfPHhC wisybds topegmit thie XAD torsetite & thednitom of thée tibeaThedrbttast a

S e s PNt Mo Abehe S PO KD MIEOY 358 HATS ot Sofsdlite, them one
can remove the broth using a 10 - 25 mL pipette. |
Methanol Extraction of XAD resin for Epothilone Titer Quantitation
[358] After the XAD resin has gravity setiled io the bottom of the sample tube (as
per the sampling procedure), all of the supernatant is transferred to a new 50 mL
conical tube. Wash the XAD resin once by adding water back to the 50 mL mark,
mix thoroughly by inversion, and let the XAD resin gravity settle again. Decant the
aqueous mixture from the tube, without pouring out the XAD. The last few mL. of
‘water can be removed by using a 1 mL pipetman with the tip pushed down-into
the base of the tube. Add methanol to the tube up to the 25 mL point, and cap the
tube. Place the conical tube horizontally on a shaker for 30 minutes (at 20 - 30°C) to
thoroughly extract all of the epothilone from the XAD resin.

HPLC Procedure for Epothilone Quantitation
[359] Analysis of epothilones C and D is carried out using a Hewlett Packard 1090
HPLC with UV detection at 250 nm. The methanol-extracted solution from the
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fermentor) were added through the same capsule filter. ARRO:IBG Joof a
-m xture of 117 g/L casitone and 175 nL/L nethyl oleate was sterilized in a

260 L feecbvoto About 32 L of this sterile m xture was added to the 1000
L ferment or.ﬁ%tﬂ%r was filtered into the vessel (thr oughggﬁgjsg%{wwtapsul e

filter) to bring final volume to 710 L. Agitation was 100 r pm Backpressure
was mai ntained at 100 - 300 nbar. Wen the dissolved oxygen (DO reached

2gain 1 f)%"% 09 ROHN B RRE0 R R SRS b it BBmer el | oo
% . ! . _ ‘ Py gy
gfat Sgi/n'? V\cg?t?mi rﬁg?ngdag?ﬁgéggby Ogut onaf{%g%aggl tiron %fgrz 2 % tR@E{bg'Hﬁpz. 5

‘N H2SO4.  Shparationgbor150aam)nThe hatthod wdsis8&atic #dh 60 %awetdifndzdnd40%
fermentor (5 % volune / volune). 131 28 COctober 2004 WO 01/ 83800

PCT/ US01/ ¥eateroyase} 1adneteginoWith ghis methody epdthiloe d2ekhuted at 13 mitiids

ol eate f eeddsol A on Qeﬂftnd gb r 1he reached 50% (for the second tine,

about 10 BYFOFEYG eflute ia% §|13&1_1}1{§?F)- A MTIGaTenaied UG f er nent or

was harve : | J 10 days follow ng inocul ation.
PRBftdiclem PP O M Ren b oRAT0RY -

Fi nal epot S were determned to be about 20 5 ny/L.
Fernmentati on Sanpling Procedure [357]-- For kinetic experinents in flasks,
5 - 50. nL of thoroughly mixed broth and XAD resin were sanpled with a 25
mL pi pet &y @dgeighbBroceduae o Goow80Cutve coni cal tube. For bi oreactor

sanpl es, anpl e of the m xed broth and resin was deposited in a 50
m. coni caia@gbg.%—t GWF%@FGPBB‘(S&FHQRB@3W$%M@¢S 3010 ngkeek nut es
to permt o I ot he. beot ttom,of .t he tube,, T roth at this
poi nt canr%%%%@npgyﬁ%%%ﬁ%}d%[ﬂﬂlqﬁg@f%w h?ﬁg’e%ﬂxﬁ' verforiat ¢ hen
one. can | h t Rei ' : raction
of XAD T oo n s e ERario e e eight dnd il bR Synie NER IR SR 1
has gravi sidessftthe éabd. Potb er ipdpétadml, dfibeo heaihisipend XA DRI thetazagp! i ng
0 nmL

procedure)ﬂi al| _of the supernatant is transtferred to a new 5
be. Spin the conical tube at 4700 RPM (4200g¢) for 30 minutes. After

sedimentation, pour off the supernatant, and resuspend the cell pellet in 40 mL of
deionized water to wash the pellet. Spin the tube again (4200g, 30 minutes). Decant
the supernatant, and place tube in an 80°C drying oven for at least 2.days. Weigh-
tube, and record the final weight on the tube. The dried cell weight (DCW) can

- then be calculated by the following equation:
DCW (g / L) = (Final tube weight (g) - Tare tube weight (g)) / .04 L

Determination of Ammonivm Ion Concentration

[361] The ammonia concentration of the fermentation broth is routinely assayed
in the epothilone fermentations. One mL of fermentation broth is clarified by
centrifugation in a microcentrifuge (5 minutes, 12000 rpm). An ammonia assay kit -
from Sigma (Catalog #171-UV) is used for quantitation, with the clarified
fermentation broth substituted in place of the blood plasma described in the kit
protocol. As the linear response range of this colorimetric assay is only 0.01176 -
0.882 mmoles/L, the clarified fermentation samples are typically diluted 20 ~ 100

fold in deionized water to assay ammonium concentrations within this range.
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coni cal tube. Wash the XAD resin once by addi ng wat er baclg ®acbdte0bd ni
mark, m x thoroughly by inversion, and let the XAD resin gravity settle
again. aqueous m xture fromthe tube, w thout | n t the
XAD. The ggils#ﬁ@\% mL of water can be renmpved by using a #&E’Eg&"gﬁ; nwth
the tip pushed down into the base of the tube. Add nethanol to the tube up
to the 25 nL point, and cap the tube. Place the conical tube horizontally
on a shakes boh.30 JARISS] KBk 5 #bjporoughly extract all of the
epot hi | one ?Ir”gm t hed)ﬂ&D resin. yﬁ@.}%% occéa ﬁ‘fle or Epothilone Quantitation
[359] AndB62}i Thefarepaiiif resitht] Ghethel Hlehte PrREchiH the fetifibm@tontevlietdn
Packard 1090 HPLC with Wdetection at 250 nm The nethanol -extracted = -
sol ut i on berestimated by zxbgciing femnertation\Wodisaspks wiGTmsbane37ad XAD resin *

(50 L) was injected across,t 4.6 10 m rd col.umms (I nertsil C18

oD 53, 5%‘?‘“&1@“%3P’éﬁﬁ@‘éﬁaé’ﬁahﬁfﬁﬁ(e?ﬁ@%h%ﬁt@%ﬁw%gr#@ﬁﬁ?%g’ﬂaphi c-
separati 4. . . . | | .t Q etonktrile )
Sepa o ek et icRes HAEFL RIS PSRRI OB SR SRR L
at 13 m QekQSiondtP16Reh WM bfothlsdhfslestl 10 -ﬁlﬁgﬂv@fé Sractb@RGith g5 vere
prepared using epothilone D purified fromfternentation broth. Dry Cell

Vi ght  Preqaidiiere vodun@ afuhbth@mnol anfl s60irifGgedtah a2 000gavaediventamy Sor val |

RCSB centrifuge (with the SH 3000 bucket rotor) to 20C. Wigh a 50 nlL
coni cal tp¥dublépompenatsThaclarified supexnatantoPOaml) wasdisjectediapto Rdor d t he

ESES. oD T ORIy °”(I%$%%@§ﬁ%%ﬁ§%ﬁ%9 B W RhGWhe tared
ol Bl f .
Sedi ront AT RS R inin, AertaRA T AR o YR BT SaE, -

40 nL of stARimeRY phdsvahd Hoveraepwithe20elihate gradidht!ds &t FRI N (4200g,
30 mnutes). Decant the supernatant, and place tube in an 80C drying oven

for at | esetonBiridagnd endinghat 10096 ecetanitrile ddwedl 00K eadatonitrilecajnrofiowhe t ube. .

The dried cell  wej ggt £ can_ then_bge cal cul ated by the follow ng
equat i onWas maintained for 5 minutes. Due to its heterogeneous natare, the methyl oleate -

elutes as a number of disparate peaks, instead of as single pure compound. - -
However, approximately 64 - 67% of the total methyl oleate extractables appear in
two primary peaks that elute at 25.3 + 0.2 and 27.1 + 0.2 minutes, respectively.
Methyl oleate in methanol extracted fermentation samples can be estimated by
quantitating the summed area of these two peaks, then calibrating them against

the sumined area of these two peaks in methyl oleate standards prepared in a 50%

water/ methanol solution.

Purification and Crystallization of Epothilone D

[363] The present invention provides a purification process for epothilones and
epothilone D and highly purified preparations of epothlone D, including.
epothilone D in crystalline form. The advantages of the present process include’
initial purification steps that require only alcohol (such as methanol) and water,
which allows for efficient use of product pools and minimizes the necessity for
time-consuming and labor-intensive evaporation steps. The present method
requires only a single evaporation step, which requires the evaporation of 1 L of
ethanol for every 10 - 15 g of epothilone. In the process, a column packed with
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DCW (g / L) = (Final tube weight (g) - Tare tube wei ght (28 ®ctbber@®d0ol

. Determ nation of Amoniunz |Ion Concentration [361] The amoni a

concentr at he fermentation broth is routinely assaye in the

epot hi | ony(?glr’gg%(i ations. One nL of fermentation broth is EEE{Pﬁ?li’@a%y
centrifugation in a mcrocentafuge (5 mnutes, 12000 rpm. An ammoni a assay
kit fromSigm (Catal og #171-UV) is used for quantitation, with the

larified ' ' ' th I I
Geacri bed T nHeRE Bl bl AL B eRlh bt TP te Wl 1 BB B
col of | et pblardsblipshilia ihprRich! Ohis CIEAA JBHREASE b idBAEHAE blothuct
fermentation sanples are typically diluted 20 - 100 fold in deionized
water to daapniaineid%brepothienes and eliminated e m@&fwﬁgyé?/li@ﬁd@:t@tﬁghgr

ua

2004 WO 01/ 83800, PCT/ USQ1/ 13793_Det erm nati on of Resi Met hyl O eaté
_Concentraﬁ‘@fﬁlsf?@@?fr Xdsunmagle ontoxinsalvertbhy| ol eate present in the

fermentation. broth can be estimated by extracting fernmentation broth
sanples with nmethanol, and . running these extracted broth sanples on an

HPLC.  Quaydd4) atariiheH i m&wrgawéfﬁt%@%g%ﬂ@ﬁﬂe%%%@cﬁ i é@ﬁg&é%br oth

using a Hew ett Packard 1090 HPL etection nm

sanpl es ( particle distribatienesidhoa Baketbbhd @18, o allahethe ¥isé BFRW hraRianol
and centrifuged at 12,000 g to sedinment any. insoluble conponénts. The

cl ari fi edceliypennand purgpn(less thas 50rsée whdcloreduices ¢ogt signifiambly. &ter act i on

colum (Inergsil, C18 3 , washed with 50% _acetonitrile for 2

mi nut es, ?Wéﬁ“%mtgﬁajoﬁg&ﬁ? @8;%?93@6?3}&?&’&?@%5?5@%0@84@ aglilitteonar y

phase and ] M e i ' i. at,.30 %

acetonitr ﬁae a%éafg%ér'#&{é;ﬁ&i%}og A c! !e!@:oenr?{h%%l Sg)%ﬁéﬁé%ﬂ@g‘i‘%ﬁ? A thetap o um

flow wastheédlhainieca hithib cBheetitested Righi Barid, Sviieh aUBHR 1&3%. e, the .

nmet hyl oleate = elutes a}z a nunber ofglai spar at e peaks, Qﬁﬁgté%a g‘? as

si ngl e puperformpeeihdinder Heaey toadiag (2 ok igrapiathil oﬁé/{.ﬁﬁﬁﬁ)oBedalneetgﬁaﬂ met hyl

ol eate extractabl es appear_in two prinary peaks that elute at 25.3 0.2

and 27.1 cumpioadiagis | gdhetleseny! chuomatpgrapdiyeigmsuntly the mosbexpsasieet ed

ferment at Et%?: 1131"%3 l csau%%r,]ﬂtﬁg ﬁ%&b@gﬁggtp%ultsmsigmﬁ' icant cost savings. Moreover, .
the present method allows for the use of an alcohol, such as methanol, instead of
acetonitrile in the chromatography step. The pool containing the epothilone is A
crystallized from a binary solvent system in which water is the forcing solvent to

provide the epothilone in crystalline form.

[365] The purification process, in one embodiment, consists of the following steps
and materials, The XAD resin in the férrhentaﬁon broth is (1_) collected in a filter
basket, and (2) eluted to provide an XAD extract, which is (3) ‘diluted with water,
and (4) passed through an HP20SS column to provide the HP20SS pool. The
HP205S pool is (5) diluted with water, and (6) subjected to C18 chromatography to
provide an epothilone pool, which is (7) diluted with water, and (8) subjected to
solvent exchange to provide a concentrated epothilone pool. The conéentrated
epothilone pool is (9) subjected to charcoal filtration, (10) evaporated, and (11) |
crystallized to provide highly purified material.
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guantitating the sutmmed area of these two peaks, then call®%®ebba@i0hem

agai nst the sununed area of these two peaks in nethyl ol eate standards,
prepar ed % wat er/ met hanol solution. Purification

Crystall i‘ggt‘)?’g%g}%f Epothil one D [363] The present inventi &’?}g'?%wa’é’é a
purification process for epothilones and epothilone D and highly purified
preparations of epothlone D, including. epothilone Din crystalline foam
The advarnsaa]e%aitaxBﬂpg%fepbﬂﬁro%@wsq%lﬁ%aﬁ@ tikifled8’d Whidl i on steps
that requiré only al cohol (such as nethanol) and ter; which allows for

ef fi ci entrystallint parvedercfropoints 100U LNVIpkavaras xiziidus éaassithtioh oans |

ti me-consum ng and | abor-intensive_evaporation steps. The present. net hod

r equi r es (HRIPUEK andgl 1d 76080k Theipswityaf ghe fippk produptivass> 9%, aavhiher at i on of
1 L of ethanol gor \er 0 -15.g of epothilone. In the process, a colum
packed wrEFPVEEY © %&F’%’é@r padie? 01/ 83800 PCT/ US01/ 13793 synthetic

pol ystyrene-di vi nyl benzene resin such as HP20SS is used to renove both

polar and lipophilic inpurities. This colunn generates an internediate
product 367t Tebld Bl bembMARGhE HPINE Mehdds st datrB paAfinaesh.f or
liquid/liquid extractions that use either highly flanmable or toxic

sol vents. [3641 Another inprovenent FABREdI to the use of a'Cl8 resin with

a 40 - 60 nmregFop—parti-eche—distrbuti-on—suych—as—Bakerbonrd-C18, that all ows

t he use of pJB@qﬁe, col ums—and-phaps Wgs_ whi ch
reduces cosff si gnificantlf‘q“ﬂ’fb starti pgerigt @PphP Wyt Hae0c1p

chromat ogr aphy step is sglution | ogaded | 1i | bl vent .. The
solvent is ak enough sdBomfatepathil ohb@l@iBcl at the top of the col um
in a highlyjconcentrated | GalymOmmd_ wh?@¥ all ows the colum|to , perform
wel | under -heavy | oading Time.q enqt h| Lpminutes| resin). Becabise typi cal

col um loadiing is 1 g/| ddtesien and chiHVetd%tmmhy i s usually the nost
expensive $tep in purifijdiedien, this i hfPmbuSASMAE@EEM ts in §ignificant
cost saving$. Moreover, |the present nethboimBfGAMCNALO he use of an

al cohol ; su¢h _as nethanol], instead of a1 om;6pidd dGN{Hihe chfonat ogr aphy
step. The podipotMetiiodi nd t he epothilong_is

Colummn Inertsil ODS3, 5 pm, 4.6 x150
mm

Flow rate 1 ml/min

Column Qven 50°C

Run Time 5 minutes

Detection UV at 250 am -

Gradient 0 min; 78:22 ACNHL0

[368] The Materials used in this section are as follows. HP20SS resin was
purchased from Mitsubishi. The C18 resin was purchased from Bakerbond C18
40g and the methanol was puchased from Fisher Bulk (55 gal). Deionized water

was tsed.

Fermentation Run 1031001K

Step 1 XAD Elution (K125-173)

[369] Seventeen liters (17 L) of XAD-16 resin were filtered from the fermentation
culture using a Mainstream filtration unit with a thirteen-liter 150 um capture
basket. The captured XAD resin was packed into an Amicon VA250 column and
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crystallized froma binary solvent systemin which water 4gsothger200£€1 N9
.solvent to provide the epothilone in crystalline form [365] e

Th
purificat]i ess, in one enbodi nent, consists of the fo(lﬁf;} i_.ng_steps-
and mater :“E(Pgl?&g@he XAD resin in the fernentation broth is y‘@()‘sf’%’ct ed in
a filter basket, and (2) eluted to provide an XAD extract, which is (3)
diluted with water, and (4) passed through an HP20SS colunmm to provide the

HP20SS poglas Jmedwazﬂ%mgss cdlﬁn&?&olﬂh{éé% sﬂwy'téﬂm]% ﬁm@gﬁlé é%géugﬁ%ct ed

to C18 chromatography to rovi de an epothil one pool, ut ed

wi th wat eD, praltict &hs thin eleitedifrom tisodesniising OB LOSE 80 picAlafl6] i water.
concentrated epothilone pool.. The concentrated epothilone pool is (9)
subjected to charcoal filtration, (10) evaporated, and (11) crystallized

perf o p BB B R AR G cpot i one 0 ves 1ol ated and
Fer mont at Faghr ooy £6400Te DR ATl e a1 e e R ot ot
was >95% (2300.)kb eilute aRvioailing satp@ititbloonenieth@sol i Watk3 Ghk rbadltgl 1

summari zes the HPLC Methods used during purification. TABLE 11 of Met hod
Col unm| nesusgiensiobS307 b) masanized 250 lordéed onto an dimidonV.ATED tolunmOpadséi C Run

'{loge 0 12@mﬁnéb§t i o??-hs COtSiS(%ggivn%atz I?e(t)d gg‘gogl?f ;begl(‘)l :ea%ﬂﬁa%eﬁzgvi’g 5a gg)hezgrmtlz mon
volumes of 60% methanol. The loading flow rate was 1 L/min. After loading, the
column was washed with 13 L of 60% methanol and eluted with 77 L of 75%
" methanol at a flow rate of 325 mL/min. Thirty-one 2.5-L fractions were collected.
Fractions 10-26 (42.5 L) were found to contain epothilone D, and these fractions -

were pooled together.

Step 3 Chromatography (K125-179)
[371] The step 2 product pool was evaporated to an oil using two 20-L rotovaps.
During evaporation it was necessary to add ethanol in order to minimize annﬁﬁg.
The dried material was re-suspended in 1.0 L of methanol and diluted with 0.67 L-
of water to make 1.67 L. of a 60% methanol solution. The resulting solution was
loaded onto a 1-L C18 chromatography column (55 x 4.8 cm) that had previously
been equilibrated with 3 column volumes of 60% methanol. The loading flow rate
- averaged at 64 mL/min. The loaded column was washed with one liter of 60%
methanol, and elution of the epothilone D product was carried out isocratically
‘using 70% methanol at a flow rate of 33 mL/min. A total of 27 fractions were -
collected, with the first fraction containing 3.8 L by volume. This was followed by
three 500-mL fractions and twenty-three 250-mL fractions. Fractions 5-20 were
taken as the best pool (K125-179-D), containing 4.8 g of epothilone D. Fractions 34
(K125-179-C) contained 1.4 g of epothilone D. Because this pool also contained
high concentrations of epothilone C, it was set aside for re-work (Step 3b).
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12.1 mn;-60:40 ACN H20 E 078 Method Col uml nertsil ODS3,280&8ber2064 X150 mm
Flowratel rnlmn Colum Oven50 C Run Ti me5 m nutes DetectionWat 250 rum

G adi ent %610@8@%@822 ACN H20 [3681 The Materials used in %@ﬁﬁggn are

as follo S resin was purchased from M tsubi shi. sin was
pur chased from Bakerbond C18 40g and the nethanol was puchased from Fi sher
Bul k (55 gal). Deionized water was used. Fernmentati on Run 1031001K Step 1

XAD El ut'isypy 4 K3¢andtbdaphy 6R11 nteen 'liters (17 L) of XAD-16 resin were
e B on 2

filtered fromthe fe ation culture using a Mainstreamfiltration unit

with a tHB7Zledipdthilene Ibfragivnsiiial atso doasdiatd High cantantediobithe (N, was
packed into_an Am con VA250 colum and 136 28 Cct ober 2004 WO 01/83800 -
PCT/ US01/2185en wege revabrasaatagraplasl pn (F8gesis) aﬁﬁﬁ)ﬂowmﬁe%;mﬁﬂ aacelunan 1.0

of " 805% mit RERBTAHBGES e%%ﬂ%%bg iR 86 0E %n%%%luﬁ@ﬁ” g 7§f’°|.L .
(S%S”E)y'???“ér’]%tbi Tanflanl 1 wB3l SR B R0 J*?ﬁmn shpufibp o0

resul ti ngyas1BPPSSTRE sfaiaﬁglﬁ.aféﬁal (st And, 10ared) Qmscuﬁﬁe&%ﬁmsbfﬁ%@o

col um packed wth 5 L of "HP20SS resin that had previously been
equi | i br atfedater 50 taidbe doadingsblution odntéiheth 5596 maethhnolinewhiteadlleg f | ow rat e.

was 1 L/mn. After | oadin the colum was_washed wiith 13 L of 60%
net hanol I&f@timg solation (130%711.) wes Joaded onto the resin, and an addztlonal 250 mL

of 55% methanol was passed through the column. The column was first eluted
with 5 L of 65% methanol, followed by 3 L of 70% methanol in water. During the
65% methanol elution, a total of forty-eight 100-mL fractions were collected. After - |
switching to 70% methanol, a total of ten 250-mL fractions were collected. The best
epothilone D pool (K119-153-D), consisting of Fractions 50-58, contained 1.0 g of
the desired product.

Step ba Crystallization (K119-158)

[373] The starting material for this step was a combination of chromatography |
products from step 3 and 4. Initially, 120 mL. of ethanol was added to 7.9 g of solids
containing 5.5 g of epothilone D. With gentle mixing, the solids were completely

. dissolved, and the solution was transferred to a 400-mL beaker that was placed-on
a stir plate in a fume hood. A 1” stir bar was added, and the solution was rapidly
stirred. Meanwhile, 100 mL of water were slowly added over a period of about 5
minutes. When the formation of small white crystals were observed, the solution
was stirred for 15 more minutes until the solution became thick with white solids.
The beaker was then removed froin the stir plate, covered with aluminum foil, and
placed in a refrigerator (2°C) for 12 hours. The white solids were filtered using
Whatman #50 filter paper, and no additional wash was performed on this first
crop. The solids were placed to a crystallization dish and dried in a vacuum oven
(40 °C at 15 mbar) for 1 hour. Subsequenily, the material was removed from the
oven, made into finer particles, a;ld dried in the vacuum oven for another four
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met hanol at a flow rate of 325 nL/mn. Thirty-one 2.5-L figagitbei300er €

. collected. Fractions 10-26 (42.5 L) were found to contain epothilone D,
and t hese .ANS were pool ed together. Step 3 Chronato 25-179)
[3711 Thevzdtsgg&jf&gr oduct pool was evaporated to an oil usig{g’)ﬁp%“%lé’h
.rotovaps. During evaporation it was necessary to add ethanol in order to
mnimze foamng. The dried material was re-suspended in 1.0 L of nethanol

and di | ut eghuth tihiderSéeailiRitioMRpdc gé)%i@ﬁhﬁi P& i3 tﬁ?e{ﬁyé) ol ution.
The resulting sol uttnsron was | adgd nto a %-é%fgfgﬁ?tg(r%ﬁlgg'rap %f)l um (55
x 4.8 cm HPLEC mettlodveas asisl to ddreanimeabielchbombsgraphie plu@9! dfthe hahpnes of
60% net hanol . The loading flow rate averaged at 64 nl/mn. The | oaded

col um waPraduete ThoF LG mesults; alongrwishdhe nerraspuiding At adiBBCONMR date
epot hi | one;D pr.odugt carried out isocratically si ng. 70% met hanol at
o Tl ow T atl coPEEmedthat the dricd fintrisl coptaingg o OakShathtlone B). EEePVERyt h t he
first fragti ; L] o83 L by volunme. This was followed by three

500- L fr%ﬁ%@@@ﬁt@%ﬁ?ﬁhree 250-nL fractions. Fractions 5-20 were
taken as the best pool (K125-179-D), containing 4.8 g of epothilone D

Fractions 3-4@%'(125-' 179-C) contained 1.4 g of epothilone D. Because this
pool al soSéapfibimyetallizatigh (KbHE€6Wr at i ons of epothilone C, it was set aside

for re-wo Step 3b). 137 28 t ober 2004 WO 01183800 PCT/ USO /13793 Step
4 Chr _omaéI iﬁép@e@ﬁ%@gﬁs@{a&% § £R W%f%\evﬁpa&tﬂé mc;]thnaliqws‘@om :
C28 reor noRp R RGHES TRAbL NS diindl A0 AR DR ek SOHH IR B o Pl "

washed W bnaikingf2 1 QUFCRBIIRIRID. P R BbIMGR s ehbrdedt 100l pofelt

met hanol in water at~a ffow rate of 20 mL/mn. The pressure drop Wwds 125
psi. The sahdrtg ofjdemdlerizilg (il wathddetOwGt.Mhe Mddute Wik @6reididh 260 nL

of water so that the | oading solution contained 55 % nethanol in water. The
resul t i ngTakdivm sptting o0l Gamin,grd wesdhen fltered neingedVhatmad #50 filedi t | onal

0 i o
250 1M O apa0erHe RNl 5 AR B S e ST 11T

filtered again. The combined filtrate was brought to dryness using a rotovap, and
the solids were re-suspended in 50 mL of ethanol. The resulting solution was
placed in a 250-mL beaker, and with good stirring, 50 mL of water was slowly

- added. To promote crystal formation, a small amount of seed crystal {1 mg) was
added to the mixture. After several minutes of stirring, the formation of additional
white solids was observed. A stream of nitrogen was set to gently blow over the
mixture while the stirring continued. After 15 minutes, the beaker was placed in
the refrigerator at 2°C for 36 hours. The mixture was filtered using a Whatman #50
filter paper to capture the crystals, and an additional 7 mL of 50:50 ethanol: water
was used to wash the solids. The crystals were subsequently dried in the vacuum
oven for 4 hours. This crystallization step yielded 1.46 g of white crystals, which
contain >95% epothilone D. |

Fermentation Run 1117001K
Step 1 XAD Elution (K125-182) '
[375] Seventeen liters (17 L) of XAD-16 resin were filtered from the fermentation
culture using a Mainstream filtration unit with a thirteen-liter 150 pm capture
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with 5 L. of 65 % nethanol, followed by 3 L of 70% net harigl Odtoberated . )
During the 65 % nethanol elution, a total of forty-eight 100-nL fractipns
wer e col ?ﬂ%ﬁgﬁ éAfter switching to 70% net hanol, a total gf ten 250-nl
fraction &bl 1 ected. The best epothilone D pool (K1P§TASVE3
consisting of Fractions 50-58, contained 1.0 g of the desired product.
Step 5a Crystallization (ML9-158) [3731 The starting material for this step

was a corfiLnat 4 . r I ni,tially,
190 o Aekk. PP cpuf b XD PRGN QY il o WHEBh o6 iluin pfa

epot hi | oRGagRvaliddwagisd E(Sm&bﬁﬁnn%ﬁnﬁ@%?l SRk 8t O/ BlE The sﬁi byed:

and the solution was transferred to a 400- M. beaker that was plfaced. on a
stir pl af®productiviasthenstiuted ftdmshe rediamsives1 72000 of 80 %nmethemos Oh widten was E
rapidly _stirred. Meanwhile, 100 nL of water were slowy added over a :
peri od ofuibegitheswagsriyadsandhafivsh cokunnaolune of etion, thpcolumarystal s were

observed, the sol ut.ion s, stirred. for,15 nor Lnutes until,.the solution
becars. t RRCRDHRCH S APcasSD Aty (S RROVEA PaF WuD 4 el SowFate okt i st i 1
plate, c | ' e ' | - ) for
2 hour o G St HiteR KD epin A repb R o, cH PR Tk bate
and no agsiictdrpaledrniaes Antiasn WAIE0 doben®D Alfir $hé bxdlange! fie bakpreéhids were
placed to a crystallization dish and dried in a vacuum oven ~ (40 oC at 15
nbar) fodetrdased belsvnd dguendithe fiomerate veasimhinisinedetrdviEl/ frinndtshegleoven,

made i nt Lner particleg, and drj I n, the vacuum qven _for__anot her four
138 28 o@?@%eéamu%cgﬁ%@gma qssageel fenfe Pasedion HPL&1 al 1 i zati on

process yj d - f i ol.ids. The. I PL t had was used
o ot or HALYAH, s AR Plodel pbBl s PRI el S of frabilone fhe oLC
results, along with the corresponding nH and 13C NVMR data, all confirmed
that the dried material contained >95% epothilone D. The recovery for this
first cr SepibSolsBPhasstapraiorQi{idbalo0) zat i on (K119-167) [374] The starting.
material for this step was the evaporated nother |iquor from

[376] Fitty-seven liters (67 L) of water were added to the step 1 product pool (170

L) to dilute the loading solvent to 60% methanol in water. The resulting suspension
(227 1) was stirred with an overhead lightning mixer and loaded onto an Amicon
VA180 column packed with 6.5-L of HP20SS resin that had previously been _
equilibrated with 5 column volumes of 60% methanol. The loading flow rate was 1
L/min. After loading, the column was washed with 16 L of 60% methanol and
eluted with 84 L of 75% methanol at a flow rate of 300 mL/min. Seven fractions
were collected with volumes of 18L, 6 L, 6L, 6 L, 36 L, 61, and 6 L, respectively.

- Fractions 4 and 5, which contained a total of 8.8 g of epothilone D, were pooled

- together. '

Step 3 Chromatography (K145-160)
{377] The step 2 product pool was evaporated to an oil using two 20-L rotovaps. -
To minimize foaming during the evaporation process, 10 L of ethanol were added
to the mixture. The dried material was resuspended in 2.8 L of methanol and
diluted with 3.4 1. of water to make 6.2 L of a 45% methanol solution. The resulting
solution was pumped onto a 1-L C18 chromatography column (55 x 4.8 cm) that
had previously been equilibrated with 5 column vblumes of 45% methanol. The
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step 5a Initially, 70 nL of ethanol and 30 niL of water w2gOedsed0td 3.4 ¢
,of spolids containing 2-1,g of epothilone D. This clear solution was
transferred to a beaker, and 1 g of decolorizing.charcoal was added to it.
- The ni xt ur®OR&830i rred on a medium setting for 10 nin, aRETHSEL/13Teh
filtered using a Whatman #50 filter. paper. The charcoal was washed with
two 10-nL aliquots of ethanol and was filtered again. The conbi ned

filtrate - ht d ' . , d, th lid

re- suspendoit e iV reteCrvecd it ey 1O AME/ Frubas sl ot wasmaghed with n a
250- L be ; | e ) wW. added. To
pr onot e c%glgff? g?%?ﬁ%‘%‘?ﬂgl’ gir}gltflé gﬁgﬂﬁ@ngﬂ g’e%%@%tsf)%%‘%\% t%ﬁﬁﬁﬂ%%"sesu&dded
to the nixisimga s gradi@uer alflov pakeqst 100 nSL) fih. he ddMrdrPRARE] '

addi ti onal vﬁi tel%s%tlrai ds was observed. A st)r{ eam ofe ni trogen \E/igg@%g{lﬂtlg

gent |y bl dwob®% methanal, 11 &rleof()% encthenal, andi1B8G Ic ofi65 % undthaAbl. Durihg

m nutes, the_heaker wa | aced i n he refrigerator at 2C for 36 hours. The
m xt ure \Aégeﬁgﬁt@p phEHon, afgtaleh tensf0-ml| frastionsyeere eollegieduAdterhe

crystals, h/l I f - 50, ethanpl . er.. was used to wash
the soli ds%@%%@%l@g%&@’?&gg%&g FPV-QFF%SJ)?—H“?#@CBQ%WW(E oven for 4
hours. Thicgpliefgdt Bl bGha ' h t I ch
contain >95 %ep o thil one Dﬁﬁégﬁg{ﬁggg?%ﬁi% %@%g&gg&ﬁ,ﬁg&%ﬂ%%@ '

El ution (kbHeetedfollopably Eight dtlefrnctione Thebkst épothiloXD ﬂ@olr(lﬁ@tua-mtlgh
filtered fromthe fermentation culture using a Mainstreamfiltration unit
with a thicengisingiof Eractmms 2B bl comtainezbs.3 g afdhe idesired pod @ i0FREBAS 26-

5/3{3383%{ FRIAF BT, HSeIC B badnaied %ﬁ?@aﬁ?ﬁiqew%ldhi oge Coat o a Lo
L/min T ihi i ing 170 L
of " 80% ot Baeaed B oLpSGHE D, WiFel (180 25 eEHolt HBk 8SbRE L c o7 uim

vol unme of elution, the colum backpressure increased steadily to above 3
bars with a final flowrate of under 300. nlL/mn. Therefore, the XAD resin
was renovdd8r dra dihgequidmmt perl todfScinethanol in water, 9.5 L of water was added

t0 15.8 L of the loading solution. The resulting solution (25.3 L) was then pumped
onto a 700-mL C18 chromatography column (9 x 10 cm) that had previously been
equilibrated with 4 column volumes of 40% methanol. The loading flow rate
averaged at 360 mL/min. The loaded column was washed with one liter of 40%
methanol, and the epothilone D product was eluted from the resin with 3.75 L. of
100% ethanol. The eluant was evaporated to dryness using a rotovap. The solids
were resuspended in 100 ml. of acetone, and the undissolved material was filtered

- from the solution using a Whatman #2 filter paper. The filtered particles were -
washed with an additional 115 mL. of acetone and filtered once more. Following
the acetone extraction, 2 g of decolorizing charcoal were added to the combined
filtrate. The mixture was stirred on a medium setting for 1 hour and was filtered

. using a Whatman #50 filter paper. The charcoal was washed with 180 mL of
ethanol and was filtered again. The filtrates were pooled together and rotovaped to

dryness.
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into an alternate Am con VA250 columm. After the exchangeg @tiebdiadkpr essure
decreased below 1. bar and the flowrate was naintained at 1.0 L/min A
single 170-L fraction was collected in a 600-L stainless steel tank- Based
on HPLC WRAKPF%  the step 1 product pool was found to cOREEPRIB3M3G of
epothilone D. Step 2 Solid Phase Extraction (KI45-150) [3761 Fifty-seven
liters (57 L) of water were added to the step 1 product pool (170 L) to

dilute th ' al v % met hanol in water. The resulting
suspensi o%ﬁgﬁ%%’%%@m@r“%)/w th an overhead |ightning m xer and
| oaded onBYIRNTHIEAEA mMAHEPEEM HBP 3PRaLRudbEad & b.09f Bﬁg@ bl hat
“ had previfgus y been equilibrated With 5 cg%nn %ﬁ%’ggjf 63?%%1?%‘820 .

The | oadi wgidrlanid was braded chto b/1RL. Q18 dheomatsgiapy dolem@E8RY.8m)Washed
with 16 L of 60% nmethanol and eluted with 84 L of 75% nethanol at a flow
rate of 3u®l proviwsly Seenequilbeatedriwithirolumsl velumes ofif0% vutthavel. Thels L, 6

Gont ai hed OB AP gt vsTaRe <R o The WLPER 6ot Bebseapgaierasheder 3
£h t 2 ted t
o of b ok Bbhiir 8PS Ml afing LBBfI AT e ha RO BRI T PG | o
process, isBcratieilleiban e MOTEuAAST0% Motidid] Bt Wdidine Fildky threca wRli g A

resuspended in 2.8 L of nethanol "and diluted wth 3.4 L of water to nake
6.2 L of fxactimsmeedeandlected) withothe fiised7 fraotionnepntaling 240 mb andulipdsktont o a
1-L C18 ggromat ography colum (55 x 4.8 ¢ that _had previously been

equi | i br dirachiof eantaindag & fn Frantiems 20018 werey imgiAbe bestieoal{K119-174¢Bher

0% 10 UG BB A R et P
AL S T A

11.5 L of CHd%anmkehaside forrdwddk5 L of 65% nethanol. During the 55%
net hanol elution, a total of ten 500-nL fractions were collected. After

Step-5 Crystallization (K119-177) )
[380] To perform a solvent exchange prior to the crystallization step, 3.9 L of
water was added to 6.4 L of the best epothilone D pool (K119-174-D) from step 5 to
dilute the loading solution to 40% methanol in water. The resulting solution was
then loaded onto a 200-ml. C18 chromatography column (2.5 x 10 cm) that had-
previously been equilibrated with 3. column volumes of 40% methanol. The Ioaded-
column was washed with 200 mL of 40% methanol, and the epothilone D product
was eluted from the resin with 1 L. of 100% ethanol. The eluant was evaporated to
-dryness using a rotovap, and the solids were re-suspended with 150 mL of 100%
ethanol. The clear solution was transferred to a beaker and with good stirring, 175
mL of water was slowly added. A small (1 mg) seed crystal was also added to the
solution to promote crystal formation. When the formation of small white crystals .
were OBserved, the solution was stirred for 15 more minutes until the solution
became thick with white solids. The beaker was then removed from the stir plate,
covered with aluminum foil, and placed in a refrigerator (2°C) for 12 hours, The
white solids were filtered using Whatman #50 filter paper, and no additional wash
was performed on this first crop. The solids were placed to a crystallization dish
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switching to 60% nethanol, a total of twenty-three 500- m2gfOaebdransgs wer e
.collected. During the final 65% nethanol elution, eleven 500-nL fractions
were col é@qéng_‘agol | owed by eight 1-L fractions. The best e{got hi | one D
pool (K145 ABE*BI® ~ consisting of Fractions 28-50, contai nBETASEVBT { he
desired product. Fractions 26- 27 (K145-160-C), which were contam nated
with 0.4 g of the epothilone C, <contained 0.2 g of epothilone D. Al of

t hese 25 ERNS, LbA%4gect j LUt I t . 10 4070

met hanol %Ir}av%% er, %?é&ilﬁg?}\%gger V\ggﬁja g’grci)dfo%% %ﬂgoﬁﬁ%gﬁﬁi[% ?ﬁ‘ng

sol uti-on. pFiess ¢hldéd 82 Sof whiteRolids, Which dtainb8>95 I8k ®. aHe00-
C18 chromat ography colum (9 x 10 cm) that had previously been

‘equi | i br arespvery fordhisdlivshrropowes®4%of 40% net hanol . The | oading flow rate
averaged at 360 nL/m n. The | oaded col um was washed with one liter of 40%
met hanol, and the epothilone D product was eluted fromthe resin with 3.75
L of 100%.gjhanol . The el uant was evaporated to dryness using a rotovap.
The solid' s were resuspended in 100 nmL of acetone, and the undi ssol ved
material 381] f TheepethilorR Dby i Afh 1B1001R WAL BRI o tevid _ paper.
The filtered particles were washed with an additional” 115 nL of acetone
and filt eredeGalod anpurty efloati9iS - 98:8%. The epothiloried eedovery Porguef

decol ori zifﬁﬁ%‘rcoal wer e added to the conbined filtrate.” The m xture was
stirred ontH UK Wing 68t oh1aYs matarial g arity; ofabosd 97.7%. Thedmpvaityan

#50 filte h har.coal was. edwWith 180 nL of ethanol and was
filtered afgﬁﬁgfdfh%w%.ﬁrﬁiﬁrggmlﬁﬁagﬁgg% oget her and rotovaped to- '
dryness. 141 28 Cctober 2004 WO 01/ 834G fP¢g/ US01/ 13793 Step 4 _
Chrortnatograplrj (1(119-174) [379] The dried nmaterial fromstep 3 was

r esuspendietf3iep18 m| of Step0%Rretionol i n] Bpaier pEpoddas | pape® ontp .a 1-L

C18 chronat ography col pem_(5%PE. 4.8 cm) that23 had previ ously hgen
equilibrated with 3 co|3#n Jdlaahesrend 50| % eyt hapol .o F7he T oagigng [l ow rate
averaged jat 80 nlL/ m n.|3he dalrstallivdionSulpseqent]y waghed| wigslyz ong liter
of 50% net hanol, and t nsb epdtdiydisingtibh pr pduel; Was elgis ed 038
1117001K run Step | Product Epo C Epod490 Epo D
| ' 2 SPE 18 2 60
3 C18 Chrom 5.2 1.6 81.4
4 C18 Chrom 1.6 1.3 96.6
5 Crystallization 0.8 14 97.7

“Epo490” is a novel epothilone compound of the invention, 10,11-dehydro-
epothilone D, that is produced by the Myxococcus host cells.

{382] This purification methodology arose out of efforts to scale—up modifications
made to the epothilone D purification process to accommodate the use of methyl
oleate in the fermentation medium. The elution of the epothilone D product from -
j:he XAD resin was carried out in a straightforwérd manner. Instead of using 100%
methanol, 10 column volumes of 80% methanol were used to elute the product
from the beads in a column. During the XAD elution step, it was noted that ’c;‘t_le,
presence of Iysed cells in the fermentation broth may contribute to the clogging of .
the purification columns. The harvest of the 103100-1K fermentation run had
occurred before significant cell lysis had taken place, while the 111700-1K _
fermentation run was harvested only after considerable cell tysis had occurred.

However, a high backpressure and a low flow rate were observed only for the
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isocratically fromthe resin using 70% net hanol at the sageQftbbsy20ate. A
total of 48 fractions were collected, with the first 47-fractions

cont ai ni %é’i’% ﬂ;L and the last fraction containi ng 1 L. Fractions 25- 48
were tak B best pool (K119-174D), containing 7.4 §CHUSBBLYH | one D.
Fractions 21-24 (K119-174-C) contained 1.1 g of epothilone D Because
this. pool also contained high concentratlons of epothilone C, it was set

2ol vent ISR ot % ol B P SEhreo ity et et ofifn

added t 041Ardn Bfa rfﬁavé)%re a@duﬂ&@@bgaﬁg {1 @&Jﬁa%ﬁé %ﬁ?ﬁﬂét ep 5 to

dilute the | oading sol to 40% net I n wat er. resulting
solution was then | oaded onto a 200-nL C18 chromat ography colum (2.5 x 10 -
.cm) that had previ ously been equilibrated with 3. colum vol unes of 40%
met hanol [38%he Theseqeurificafiemmnmshaw $hatepaithiloneD isstable 4086amet hanol , and

te{‘lﬁagﬁf’t Crnatararsio HHE matigandota eaitr%?é‘»yai@é a?éﬁ?@vfa%ﬂaw%éﬁgl f/}e
vas 17 anarerragoHIRIRg lodbéchrttil ibsc onlitichs rrﬁ.ﬂéé,‘fei%aﬁ%ﬁ%ﬁvﬁﬁ “was

sl ow y aan!@wedétc&agé bffﬂeﬁﬂ)—LiﬁBﬁu@f%éél%oMeMD aﬂﬂ@ﬂq F{e%n P ut | On .

to pronote crystal formation. "When the formation of sma Ite crystals .
ver e obssiaudess stérd tank ovemighteridiout refitigepatidie Tooftetheritippeveid |- 't he
sol ution becane th| ck with whi te solids. The beaker was then renoved from

the stirPHIGsS 2 sobespdr gthc eluan waneraployednyhisheis auudhnless tiste-i ger at or
(20 for 12 hours. T were filtered . usin V\hat #50f||ter
peper, aﬁ%f%ne&m or Hisbivkan3ns BE pharofveRit conven erhe sol i ds*

e ugi)i/ 13793 gﬁgﬁﬁ Péafsl %ﬁ%ﬁﬁéﬁ% c%%%%g%’ﬁ%&@ﬁ% }’-\9?0 our $.

Thi s crysiiti 4 salebhbexchangestsp.yi el ded 6.2 g of white solids, which
cont ai ned >95% epot hilone D. The recovery for this first crop was 74%
Resul ts :

[384] Although a significant amount oil remained bound to the resin during ;he
XAD elution step, a sizable amount was still present in the eluant. Even after the

- HP20SS solid phase extraction, oil droélets were clearly visible in the product pool
and proved to problematic during the C18 chromatography. For optimal
chromatography performance, the concentration of epothilone D in the loading
solution should be kept below 2 g/L. At higher concentrations, the starting

material has a tendency to oil out on the column.

[385] Crystallization was not possible when feed material contained more than
3% of either epothilone C or epo490. This was the case during the punfn:a’aon of
1117001K. The first chromatography step gave a produict that contained 5%
epothilone C. After numerous attempts, crystallization of this material was not -
achieved. However, taking this material through a second chromatography step
reduced epothilone C to 1% and generated a feed material that was easily

crystallized.
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[381] The epothilone D recovery for run 1031001K was 4. 8 28 Oftobdresbal | i ne .
..material at a purity of about 97.5 - 98.8% The epothilone D recovery for
run 1117 6.2 g of crystalline material at a purity of about 97. 7%
The i mpur S?é/l&lg%g?i | es for these. runs are shown in Table ¥§TWM@ﬁ2
1031001K runSt epProduct Epo CEpo490E o D 2SPE23474 3-4Total ChronD.70.790. 6
5aCrystal lizationl. 01.097.5 5bCrystallization0.70.598.8 1117001K

.runSt epProduct E o CEpo490E PO D ZSPEﬁégg 13(&18 Chronb. 21. 681.4 4C18
Cbront. 61.896. 6 5CrystallizationO. 81: . "Epo490" is a novel epothilone

compound of t heComaRitoNof allhkdcoematan voiRR bNbBEnRiordA 8ol &Rk Oduced by .
t he Myxococcus host celTls. Is purificati se out of
efforts t¢38fjalSeaim Kiddi0-t was constroeidd framtsteie KA NSOt at i on
process tQ acpom‘mde}fﬁ:l the use of nmethyl oleate in the fernmentation

medi um  THRAGNEHOBPIdRe epeK gpwg- Hio emstipchiua geak ubamt, akenpiyciresi n was
i ed By i ght f d . lLnst f usi 00%. met hanol , -
70 col urm orrns SR hasahRatG ITRTEE cro S0 s whs Hong Pydselating o t he
beads in ' i Of: i t hat, .t
resence ab7 T DBEREtnRORl KBRS F0ith WhicH Ehealr I 481 At bribl e,

doggi ng ofNott $ite pliyBliesaiptSiita T plaskiia, PROBBEISIH, uﬁdaqaakﬂaﬁggtdé e
fermentation run had _occurred before significant cell I'ysis had taken
pl ace, whiwith fgd, and fun7 4 kb fregment weas tigatadwivhsthb 315/ks EesRIoBoryEaf t er

const Gera ¢ Gell. Luss g occu e, However. A gh packpressure ana a
DNA ends made blunt with the Klenow frangment of DNA polymerase |, to yield
plasmid pKOS90-55. Finally, the ~400 bp RP4 oriT fragment from pBJ183 was
ligated into the Xbal and EcoRI sites to create pKOS90-63. This plasmid was ™ .

linearized with Dral and electroporated into the Myxococcus xanthus strain K111-
32.25, and transformants selected to provide M. xanthus strain K111-40.1. Strain
K111-40.1 was deposited in compliance with the Budapest Treaty with the
American Type Culture Collection, Manassas, VA 20110-2209, USA on Nov. 21,
2000, and is available under accession No. PTA-2712. |

[387] To create a markerless epoK mutation, pKOS35-83.5 was cleaved with Scal
and the 2.9 kb and 4.3 kb fragments were ligated together. This plasmid, pKOS90-
101, has an in-frame deletion in epoK. Next, the 3 kb BamHI and Ndel fragment
from KG2, which had the DNA ends made blunt with the Klenow fragment of
polymerase I and contains the kanamycin resistance and galK genes, was ligated -
into the Dral site of pKOS90-101 to create pKOS90-105. This plasmid was
electroporated into K111-32.25 and kanamycin resistant eleciroporants wete
selected. To replace the wild type copy of epoK with the deletion, the second
recombination event was selected by growth on galactose plates. These galactose
resistant colonies are tested for production of epothﬂoﬁe Cand D, and a producing

strain was designated K111-72.4 4 and deposited in compliance with the Budapest
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28 Oct ober 2004 WO 01/83800 PCT/ USO01/ 13793 latter run durd@@ctobe 28041t i on
process. Therefore, it is likely that the lysed cells in this run may have
aggregat ed and subsequently fouled the. colum filter. [383] These - '
purificatWemP83E98 show t hat epothilone Dis stable at rooRCHEENHEsWBuUre in
80 % net hanol for at |east one day. Based on HPLC anal ysis, degradation of
t he product under these conditions is not detectable. This finding allowed

st orage . the 170-L product_pool fromthe XAD elution step in a 600-L
st ai n?esgltr%‘afe‘{"ltz'éhﬁ %@%ﬂf@%@%ﬁ? higar MangssasT¥ A 5911%220%r ove

tinge. _coremiry Sk e Bl o e RS R . B, O
concentrating the volunme of the product pools. Therefore, one can replace -

| arge-scal e rotovaping wth a solvent exchange step. [384] Al though a
significant amount oil renained bourBkagplelde resit during the XAD elution

step, a sizable ampunt was still present in.the eluant. Even after the
HP20SS sol i d phase extraction, oiwecl early visible in the

pr oduct nd ed to prqgble i C rin he C18 chromat ography. For
ot t el a0 ot ACBlonTE L SEphefs SRd AiatiaRe. D | 1

t he Ioadizgg- 1.0 : t / t phigher, G¢ ations,
the starti nge'lsﬁié#éer %S%E%%Y%&en@% }?Q%U#méﬁ' %ﬂg%ggl%ﬁ%]
Cryst al | ijasdipeRatbdshertin BPigbitRe Miake FREIRE hAd res Bh@i"ﬁl\@ﬂ) hpee than 3%
of either epothilone C o@pepo490. This was the caser dgri ng t g‘ p%ri fi

cati on ofconvifsi®n diexdgenoiis maalonhtectoahalpnybiBo s irapd @ihwacedl. Thegiodutiiasf

cont ai ned. 5% epot hilone C. After numerous attenpts, crystallization of this
mat er i al- Hgdwegenes gap Bapsportidigrrbexylie agida gndiconvasttthemato €ahough a second . -

R O N S e T

PCT/ 7 USO1/rkf%@Rce). These two genes can be inserted into the chromosome of Muyxococcus
xanthus to increase the cellular concentrations of malonyl-CoA and methymalonyl- -
CoA to increase polyketide production. This is accomplished by cleaving
PMATOP-2 with Bglll and Spel and ligating it into the Bglll and Spel sites of
pKOS35-82.1, which contains the tetracycline resistance conferring gene, the Mx8
att site and the M. xanifus pil A promoter to drive expression of matBC. This
plasmid can be electroporated into M. xanthus. Because the ‘pilA promoter is highly
transcribed, it may be necessary to insert a weaker promoter in the event that too
much MatB and MatC affect cell growth. Alternative promoters include the

promoter of the kanamycin resistance conferring gene.

Example 6
Mutation of the KSY in the Loading Module
[389] The proposed mechanism of initiation of epothilone biosynthesis is the
binding of malonate to the ACP of the loading domain and the subsequent

. decarboxylation by the loading KS domain. The loading KS domain contains a
tyrosine at the active site cysteine (KSY) which renders it unable to perform the
condensation reaction. However, it is believed to still perform the decarboxylation

reaction. Experiments with rat fatty acid synthase has shown that a KS domain that
. 1 46 -




Exanpl e 4 Construction of a M xococcus Strain with a Non-Faupgbb&rabs oK Gene
[386] Strain K111-40-1 was constructed fromstrain K111-32.25 by
‘insertional inactivation of the epoK gene. To construct this epoK nutant,
-a kananyci¥O 01/838P&t ance cassette was inserted into the epoRCHESGLIITHH s was
done by isolating the 4879 bp fragment from pKOS35-79.85, which contains
epoK, and ligating it into the Nod site of pBluescriptSKII+. This plasmd,

KOS35- 83. tiall d- th S dthe 7,4 kb f t

' gat od vicohiatin Eidiirein R B F cugatn (ohiararirs R deRaaryaton
t QSR bl.unt ;wi.th th

k?thwa? ?annen?lfde?%éﬁ %lrgg\r,%élg%ag%ﬂ%ﬁ%&%p rg)s ngge un@%gl\n“ﬁ?ﬂal Fy

the -400 kpp&REinY, slydinaaraib ﬁi&l@fféﬁﬂ%ﬁ@h éasa vl and
EcoRl S|te2pto creg?&e pKOS90- %3 This plasm d W EF&Q‘ |eﬁg§¥??g%ﬁ%th Dr al

and el ect dbpefaredhangiogtthe m)’)todfﬂﬂnmymhwt}&t praminddfiépothdlodb, and
‘transformants selected to provide M xanthus strain K111- 40 1. Strain
K111- - 40. Tespdting dnasinggaseinengshilons pradudtionn Eo makgdherchrngatiy stairt h the

2000,  and 01774 B el PR AR TR B sstoecd boet nasr b0ty ol c

R e S T Sy s‘i%sm 38 el 1 ﬁaﬁ_b |

an i n-f r asleis¢hsehidovy site direttedMartagehbss 3rd<pe1$at:ﬂla eriid Mi@{nér{t%gmﬂi-
from K&, which had the DNA ends made blunt"wi th the Ki egow fragnent of

Ipol yme(rj as 8225 khe mqmmﬂmnm@gng@@sﬁmn&@%mgm&@dmﬁ% theas -
1 KOS90. 105. T
o T B R ot NI e ialhds
oK
Shgcégﬁgﬁﬁgﬁt}ﬁ %Qﬁ'{a secong-P reco | na&%ﬁ%‘%/g%a%%ns%ﬁgé%%ﬂe hWIO;

gal act ose ppsaies werBRIR P 0R&ledShto KEFi-80. a5 kndl iRkEsidant ESohids

pr oductlon of epothil one and D, and a producing tral n was desi gnat'ed
K111- 72. 4wkreseledieddsiceate istrairokjh11-68.CEo éplacd the valldappe loaliihg module

KS, K111-63 was plated on CYE galactose plates, and colonies were screened for

._D

the presence of the KS? mutation by PCR and sequencing.

Example 7
Addition of mfgA

[390] To increase the levels of phosphopantetheiny! transferase (PPTase) protein, °
the PPTase from Stigmatella aurantiaca strain DW4 can be added to K111-32.25. This
is done by PCR amplification of mtaA from DW4 chromosomal DNA using the :
primers 111-44.1 (AAAAGCTTCGGGGCACCTCCTGGCTGTCGGC) and 111-44.4
(GGTTAATTAATCACCCTCCTCCCACCCCGGGCAT). See Silakowski et al., 1999,
J. Biol. Chem. 274(52):37391-37399, incorporated herein by reference. The ~800 bp -
{fragment was.cleaved with Ncol and ligated into the pUHE24-2B that had been
‘cleaved with PstI, the DNA ends made blunt with the Klenow fragment of DNA
polymerase I, and cleaved with Neol. This plasmid is designated pKOS111-54. The
miaA gene is transfered to plasmid pKOS35-82.1, which contains the tetracycline
resistance conferring gene, the Mx38 att site and the Myxococcus xanthus pilA
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28 Cctober 2004 WO 01/83800 PCT/ USO1/ 13793 Treaty w th t s @eebdroand Type
Cul ture Collection, Manassas, VA 20110-2209, USA on Nov. 21, 2000, and is
avai | abl e under accession No. PTA-2713. Exam Addition of natBC [3881 THe
i nat BC ge@918¥8hde a nal onyl - CoA synt het ase and a di car becgiesoe/13@arri er .
protein, respectively. See An and Kim 1998, Eur. j: Biochem 257: 395-402, -
I ncorporated herein by reference. These two proteins are responsible for
t he conversio

n 0{ xogenous .mal gnat %ﬁ{sr}gl ony‘i: C;oA.%i' nsi.de the cell. The
pr oduct s BFPOPHREQ GV G ENRSSELR D PRGN dptiatuced datodMe xeefver t
themto ( : ' il ication No. USQQ 28573,
incorpor%@fﬁ%&ﬁﬁggﬁ}%@ﬂ}%&%%w%égenes can be inserted into

t he chronosone of Myxococcus xanthus to increase the cellular
concentrations of malony, |-CoA and net hymal onyl - CoA to increase

pol yketide production. This is accofxangiied by cl eaving pMATOP-2 with
Bgl Il and Spel and Iigating it into the Bglll and Spel sites of
pKOS35-82.1, which col Hachign of Fremeter Kep QERY HaseiasHnf erri ng gene,

T N T R TR MERTNE RO
L P Rl K0 GRS Bt PCSRALORERARAE K U 0PSB

growt h. - Abties ofwécterstalhbsticells Beh beeohiteuctbAABRESTAcO thd BSrkigmany ci n
resi stance conferring gene. Exam Mitation of the KSX in the”Loadin Mdule

[ 389] Theelhtlopios epothelomeNiKhgene promoter iwith othepmttablopmmbtesy,rishesi s i s -
the bindjng. of malQonate to the ACP of the | oading domain and the
subsequerﬁiesg@éedja%%%‘i/?’é’cmB by the | oading KS domain. The |oading KS-domain .

comtains £ DS Bn OAASHER SN SRS REKED [erders |1

1 AT T s OB BB TS 98 il
was ligated with pSL.1190 cut with Pst] and AorII to yield pKOS90-13. Plasmid = -
pKOS90-13 is ~12.9 kb. Plasmid pKOS90-13 was cut with EcoRI/ AorIL. The 5.1 kb
fragment was ligated with pBluescript digested with EcoRI/ Spel to create pKOS90-

.64 (~8.1 kb). This plasmid contains the downstream flanking region for the

promoter (epoA and some sequence upstream of the start codon). The EcoRI site is -
~220 bp upstream from the start codon for the epoA gene. The Avril site is 5100 bp

downstream from the EcoRI site.

- B. . Cloning of Upstream Flanking Region :
[393] Primers 90-66.1 and 90-67 (shown below) were used to clone the upstream
. flanking region. Primer 90-67 is at the 5’ end of the PCR fragment and 90-66.1 is at
the 3’ end of the PCR fragment. The fragment ends 2481 bp before the start codon -
for the epoA gene. The ~2.2 kb fragment was cut with HindIIL. Klenow polymerase
was added to blunt the Hindlll site. This fragment was ligated into the Hinell site
of pNEB193. Clones with the proper orientation, those with the EcoRI site at the
downstream end of the insert and HindIlI at the upstream end of the insert, were
selected and named pKOS90-90.
90-66.1: 5’ GFGGG ATXGCTI' TCACGGCGCAGGCCCTCGTIGGG ¥
148




146 28 Cctober 2004 WO 01/83800 PCT/ USO01/ 13793 contai ns a0btbBeAme4i n t he
active site cysteine (KSQ increases the decarboxylation by two orders of
' magnat ude whereas changing this amino acid to serine, alanine, asparagine,
gl yci ne oWQMEBBMi ne resulted in no increase relative to WCHUS$0tpa793
Therefore, changing the KSY to KSQ may i ncrease the primng of epothilone
resulting in an increase in epot hi | one production. To make the change in
strain K111-32.25, the, asm LﬁgﬁSQ- 148 was constructed that. has -850
bp of the epothilone ad| E{é’g ul e codi n@™BGlLence. The KSQ nutation
was created in this plasnmd by site directed mutagenesis. To performa
gene repl acenent in Kl11l- 32.25, the kananycin resistance and ga/ K genes
from K& were 9068 5640 GOTACE TIX AACAGET AGQIKEFOTLBTER creat e

pl asm ds pKOS111- 545 2A anq pKOS111-56.2B. The plasmds differ in their
orientation of the likdeatny&pnl gal K cassett prinfédrese - plasni ds were

el ectroporated into K111-32.25 and kananycin resistant colonies were
selected to create strain K111-63. To replace the wild type | oadi ng nodul e

KS, K111- wa l.act.qse pl ates, and col onies were screened
for the gfeseﬁcgg%i‘gaﬂ%{? lgflg?ﬁgﬁ by PCR and sequenci ng. Exarrpl e 7
Addi ti on -podIrt PAsHI§HKB990-90 et Wiich M@@H:MHSWH@ PaNSEY
transferase (PPTase) 'protein, the PPTase from Stigmatella auranti aca
strain DvWasdigateel wuikﬂxqoi(@&9%4ﬂa§ést@&w1ﬂh£eoﬂﬂ$rﬂ®ﬂ®o byeaRCPKOE90-91 cat i on

of maA from DW_chronmosomal DNA using the : pr| mer s
111- 44. 1( @A aseudeicoseYbooraiaas) upstteam flanking region of the

| &ﬂ%%%“%ﬂﬁ%&%%ﬁw Sl R Sy e
beon - cl coiad iR e I SRR R e R B bt Rt e TN et
of DNA pglux(mmasgeﬁeamls tHepdiesttad tdeitilé recbimbination ihid Mxsloshgnat ed

pKOS111-54. The ntaA gene is transfered to plasm d pKOS35-82.1, which

cont ai ns Yardhus Piasoyicl PK@S%& ieaseovithirel.Pmg cgsrmmncetihdhdkBp genesinde  and

th th tA
e Mx OCPM%%g?n enveclics)r IIIEBI the amp gene). Plasmid KG-2 was cut with BamHI/Ndel

and Klenow polymerase added to blunt the fragment. The 3 kb fragment
(containing galK/kan™ genes) was ligated with the ~9.8 kb Dral fragment of pKOS90-
91 to create pKOS90-102 (12.8 kb).

D.  Construction of Plasmid with Alternative Leader
[395] The native leader region of the epothilone PKS genes can be replaced a’
leader with a different ribosome binding site. Plasmid pK0S39-136 (described in
U.S. patent application Serial No. 09/443,501, filed 19 Nov. 1999) was cut with -
Pacl/Ascl. The 3 kb fragment containing the leader sequence and part of epoA was -
isolated and ligated with the 9.6 kb Pacl/AscI fragment of pKOS90-102 to create

- pKOS90-106 (~12.7 kb).

E.  Construction of Promoter Replacement Plasmids

I MTA (myxothiazol) Promoter : _ :
[396] The myxothiazol promoter was PCR amplified from Stigmatella aurantiaca
chromosomal DNA (strain DW4) using primers 111-44.3 and 111-44.5 (shown
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147 28 Cct ober 2004 WO 01/83800 PCT/ US01/13793 pronpter 38 Cetober 2684r essi on

of ntaA.

t he Mk8 phage attachnent site. Exam | ke Construction of Pronoter

This plasmd is introduced into M xanthus and integrated into

1

Repl aceneh® 0PB¥B8%i ds [ 3911 To i nprove epot hil one product i eeTiESeetz9and to
illustrate the wide variety of pronoters that can be used to express PKS

genes in
can be c
pr onot er

host cells of the invention, a series of vectors and host cells
n

k) GRS it B Wae Ginsiel 8t e Tatets RBNEFIBhta coptepl o A

A R e L L e N K

with pSL

pKOS90- 13 i s - 12.

kb frag

om : l | : AT R
@sﬁogplkngg &gf%ssm d %\%%g &gs%g@%ﬁit% { _g"é%%% iy irt%?ac}he 5.1

andt Kleasw filled-énl (Paci kutsBinly ooce it pRIQRAXFIR aid pKBISBLI06Fpel to

create pKﬁ)SQO; 64 (~-8.1 kb). This plasm d contains the downstream fl anki ng -

regi on f &t

astpidls werefsreaneddpn thegarrens prientajiom dhe ¥y promotery hKQI9%r t

coom 508 AR ek et R0 DR L PR PTA 5 OS80abS5 "

C oni ng
bel ow)
the 5 e
f ragnment

adehei %ﬁ_i ' GGt Primers 90-66.1 and 90-67 (shown
re use‘fygtgo C%ﬁik@gg@ggg@%%ﬁ% anki ng region. Priner 90-67 is at
nd of 1ihe4PGR AragnaGCETIABGEAGT AFTEU TG BTGensCpfat he PCR |
. The fragment ends. 2481 bp before the start codon for the epoA

gene. The -2.2 kb fradmket wadlielllwi th Hindl11. Ki enminesl ynerase was

added to
site of

t he i nse

blunt the Hindill site. This fragnent was ligated into the Hi nell
PNEB193. Clones with the proper orientation, those with the EcoRl

I St PR BT R N PR SRR o0 O
' Pacl : : k

linker primer

[397] .These plasmids are electroporated into Myxococcus host cells contairiing the
epothilone PKS genes, and kanamycin resistant transformants selected to identify
the single crossover recombinants. These transformants are selected for galactose .
resistance to identify the double crossover recombinants, which are screened by
Southern analysis and PCR to identify those containing the desired recombination

event. The desired recombinants are grown and tested for epothilone production.

1. TA Promoter -

[398} The putative promoter for TA along with taA, which encodes a putative
transcriptional anti-terminator, was PCR amplified from strain TA using primers
111-44.8 (AAAGATCI'CT CCCGATGCGGGAAGGC) and 111-44.9
(GGGGATCCAATGGAAGGGGATGTCCGCGGAA). The ca. 1.1 kb fragment was
cleaved with BamHI and Bglll and ligated into pNEB193 cleaved with BamHI. This
plasmid is designated pKOS111-56.1. The plasmid pKOS111-56.1 was cut with
EcoRI and HindIll and Klenow filled-in. The ~1.1 kb band was cloned into
pKOS590-102 and pKOS90-106 cut with Pacl and Klenow filled-in (Pacl cuts only

once in pKOS90-102 and pKOS90-106). Plasmids were screened for the correct
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90-66.1: 5 G GG Aff CTT TCACGGCGCAGGBCCCTCGIGGG 3' 148 28 Qft Qbieber2004 WO
01/83800 PCT/ USO01/ 13793 linker HindlIl primer a 90-67:1 5 GC G TACC

" TTCAACAGGCAGGCCGICTCATG 3'  linker Kpnl prinmer C. Construction of Final

Pl asmi d [ 39QPL/8388&ni d pKOS90-90 was cut with EcoR and Hi n#Cir/usetres7@s 2 kb
fragnent was ligated with pKOS90-64 digested with. EcCORI/H ndi | to
create. pKOS 90-91 (10.3 kb). Plasm d pKOS90-91 contains the upstream

" pl uas P gt IhE A RSBy obrton Altvitiver ReTRAI KB g (e gkBh Lo
cnabl o 1 conanie 0t BROBIET R KO A0k %ﬁ@?ﬁ”&%@?ﬁéﬁ%&é@?ﬂ% S Cut

with Drat. Dral cuts once in the anp gene and twi ce in the vector (near
t he anp g%%%] Plasmd KG 2 was cut with BanHl/Ndel and Kl enow pol yner ase
t

added to These plastnidsiare alkeirGpiratéd hgodviyxocoaanhashisily contdihitanthe
genes) was I| te th the 8 kb Dral fragrrent of pKGOS90- 91 to create
pKOS90- 102PP lona kRS senessand kapamysin wsisrptFrresfarmanisselacked toislengiyler

3951 T il L8085 % B RO Bh P e R RS A B el o

(descri bedediftankt & idRALBMNARRIBIE 8RBy SefdcBntRant At A berddibAd, 5 o

1999) was cut with Pacl7Ascl. The 3, kb fragnent contal ning- der

sequence SodthEntanalysispoil RER toi 1dehﬁfy6ﬂ1038 dohiafitingttheidebirtd fefibiRition
Pact/ Ascl fragnent_ of ‘5K0890102 to create pKOS90-106 (-12.7 kb).

Const r uct e¥enlof hpdssised requanbinentsare mmmttestem(eppﬂmﬂm@qzmdmﬁmmt er
[ 396] The nyxothi azol pronmoter was PCR anplified from Stignatella
auranti aca

L. pilA Promoter
[400] Plasmid pKOS35-71B was cut with EcoRI and Klenow filled-in. The 800 bp
" fragment was cloned into pKOS90-102 and pKOS90-106 cut with Pacl and Klenow

filled-in. Plasmids were screened for the correct orientation. The pilA
promoter/pKO590-102 plasmid was named pKOS90-120 (13.6 kb), and the pilA
promoter/pKOS590-106 plasmid was named pKOS90-121 (13.5 kb).

[401] These plasmids are electroporated into Myxococcus host cells containing the
- epothitone PKS genes, and kanamycin resistant transformants selected to identify
the single crossover recombinants. These transformants are selected for galactose -
resistance to identify the double crossover recombinants, which are screened by
- Southern analysis and PCR to identify those containing the desired recombination

event. The desired recombinants are grown and tested for epothilone production.

1IV. _ kan Promoter
[402] Plasmid pBJ180-2 was cut with BamHI/ BglIl and Klenow filled-in. The 350
bp fragment was cloned into pKOS90-102 and pKOS90-106 cut with Pacl and

Klenow filled-in. Plasmids were screened for the correct orientation. The kan
promoter/pKOS90-102 plasmid was named pK0S90-126 (13.15 kb), and the kan
promoter pKOS/90-106 plasmid was named pKOS90-122 (13.05 kb).
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chronosomal DNA (strain DW) using prinmers 111-44.3 and 12BlOadbs 208hown 149
28 Cctober 2004 WO 01/83800 PCT/1JS01113793 bel ow). The -554 bp band was
cloned into the Hncll site of pNEB193 to create pKOS90-107. Plasnmid °
pKOS9010MRAY3II? with Pal and Xbal and Kl enow, filled- i PCHH®1E8Y3bp band
was cloned into pKOS90-102- and pKOS90-106 cut with Pacl and Ki enow
filled-in (Pact cuts only once in pKOS90-102 and pKOS90-106). Plasm ds
were screened for the correct orientation. The MIA pronoter/ pKOS90- 102
plasm d was named pKOS90114 (13.36 kb) and MIA pronot er/pKOS90-106 plasmd
vas -name@(3{O3%esd plhsmlide br&kdiectrdpdratdd IntbHiyArocatdst Eells containing the
AGGCGGTATTGCTTT GCACT 3' linker H ndu primer 111-44.5 15" GG 'I%‘AATTAA
GGTCAGCAepaibdinoe®iE g, and KanakeyciPaesiginniranfediiants fleted po idaritify are - -
el ectropogyated.into Myxococcus host cells ctg)nt aining the epothilone PKS _

genes, ahte RSl FosTPve speomahmanis, ddese Fanstormants araselerted éort galgetose he
single c L Ranks..These transformants ape .sel ected f
gal act os égﬁ?tgir{g%tl slt%%ﬁ{é%&% %kg%l'zll?iq?,ssto%r HSopamants, Wiveh aresnemn s,
whi ch “ar goaei@ANREIYAN arRPPURCIIIdRARKY s ﬂtﬁﬁ& ' Al - -
contai ni ng the 'desi)*r%gsd reconbi nati g'rk?y evgg:t%. The %&%%ﬁﬁeﬁ%ﬁ%ﬁ%ﬂ are
gr own anevers Tk desired peddmbimaatpardueiioand tésted forépothilone psdtictide
putative pronoter for TA along with taA, which encodes a putative
transcriptional anti-termnator, was PCR anplified fromstrain TA using
prinmers AGATCTCTCCCGATGCGGGAAGEC) and 111-44.9

s SPEEGCGGAA) . The ca. 1.1 kb fragnent was ~ cl eaved
n

Wi th BamnandeBell Loand Ligal ed iato. | i th Bardhl. This
ol asri d HOfodrE8 ot Bopat s pt R ORE oS B ol R DA
ECORl  anghrithexdull 1 b &h@ 10wl 7 (sRwinbeldWS. Tie Lo0PbH BAHAWRSs GUOREH PAlO -
pKOS90102 and pKGOS90-106 cut with Pacl and Kienow filled-in (Pact cuts only

.and cloned into pNEB193 cut with Pac! to create pKOS90-125. Plasmid pKOS90-
125 was cut with Pacl. The 924 bp band was cloned into pKOS90-102 and pKOS90-

()

106 cut with Pacl. Plasmids were screened for the correct orientation. The Soce90
_ promoter/ pKOS90-102 plasmid was named pKOS90-127 (13.6 kb), and the Soce90
promoter/pKOS590-106 plasmid was named pKOS90-128 (13.7 kb).

'[405] These plasmids are électroporated into Myxococcus host cells containing the -
. i_épothilone PKS genes, and kanamycin resistant transformants selected to identify "
the single crossover recombinants. These transformants are selected for galactose .
resistance to identify the double crossover recombinants, which are screened by
%u&em analysis and PCR to identify those containing the desired recombination
e{rent. The desired recombinants are grown and tested for epothilone production.
" 111-44.6,5" GG TTAATTAA CATCGCGCTATCAGCAGCGCTGAG %
linker Pacl : primer

111-44.7 I5’ GG TTA}}'ITAA TCCTCAGCGGCTGACCCGCTCGCG 3’
linker Pacl primer
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once in pKOS90-102 and pKOS90-106). Plasm ds were screenetf Qcobert®®0dor r ect
'150. 28 Cctober 2004 WO 01/83800 PCT/ USO1/13793 orientation. The TA
pronoter/90-102 plasm d was named pKOS90-115 (13.9kb), and the TA

- pronot er / pKOYIBIWE pl asxni d was named pKOS90- 111 (13. 8kb). pc3aRbiIfese

pl asm ds are el ectroporated i nto Myxococcus host cells containing the
epot hi | one PKS genes, and kananycin resistant transformants selected to
identify the single crossover reconhinants. These transfornmants are

sel ected for gal actose resistance t@iﬂﬁlﬁﬁy t he doubl e crossover
reconbi nants, which are scge ysis and PCR to identify

t hose contai ning the desi r & e~ desired reconbi nants

Q
are grown [40 t'ﬂggggaﬁ-@]eggg&meg@ﬁ@ ter. 4001
Plasm d pKOS%IS 71B was cut with EcoC and enow %ﬂot}wﬁéﬁ R%
f ragnment MbleJtha&B domaips8aend é2maddile XSRS Factive ?:ﬁﬁﬁt&?&% K' enow
filled-in. Plasm were screened for the correct orientat The p|IA

prormter/;ﬂh@gm ohixe site craieinperdpmicGeyalande (alors Thbresdtidgt he . pi 4

'I?'nggt glrggirég ;'%%ngj % %Bg‘?%@gam 8%@6&2ﬁ%§@¢@@m@m ng the -
hi | | d
ot ty oTeLE BRampR) ot BIRILGL oS Rl By bl B Sh ot o are

sekected for galactose resistance to identify the double crossover

reconbi nants, which are screened by Southern analysis and PCRto identify
t hose contl &QZ‘]I ridie dewrstsedrpdlanddng vegiahiofthe epethilond \d wels PERONDI nant s
are grown an e ted for ep %} é,:gne production. N. kart Pronoter [4021 :

Pl asni d pBHEHedUFRE primery (Pi-/ Bgl Il and Kienow filled-in. The 350

< enow 11 1A TERCATCTAGE Rt FGTERSBETTh cd dblon] [ @ecth, e

Kin  pronJiGy AGAORINORTORSCAG e TREEH! 5%&%%@%%&%2 43d the

kim pronoter pKOS/ 90-106 plasm d was naned
~2 kb PCR product was cut with Nsil/Xbal and hgated with pSL1190 digested with

Nsil and Spel to create pKOS90-123 (~5.4 kb). A ~2 kb PCR fragment amplified
with primers 90-105 _(5’~T’I‘TITATGCATGCGGCAGTI‘TGAACGG-AGATGCT -3')
and 90-106 (5'-CCCCCGAATTCT CCCGGAAGGCACACGGAGACS') from
pKOS35-78.2 DNA was cut with Nsil and Ligated with pKOS90-123 digestediwii:h
Nisil/EcoRV to create pKOS90:130 (~7.5 kb). When this plasmid s cut with Nail, and
the DNA ends made blunt with the Klenow fragment of DNA polymerase I and
religated, plasmid pKOS90-131 is created. To clone the galK/kan cassette into this
plasmid, plasmid KG-2is cut with BamHI/Ndel and made blunt with the Klenow -
fragment of DNA polymerase L The3 kb fragment is cloned into the Dral site of
PKOS90-131 (DraI cuts 1rhree times in the vector) to create plasrmd pK0590-132

(10.5 kb). The Nsil site is used for the purpose of c:reatmg the desired change from
cysteine to alanine to effect the K82 knockout. When pKOS90-13O is cut with Nsil,
made blunt w1th the Klenow f:ragment from DNA polymerase Iand re-ligated, the
codon for cysteme is replaced with a codon for alanine. The resultmg plasmid can
be introduced into Myxococcus xanthus strains of the invention in accordance with

the protocols described above to create the desired strains.
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151 28 Cctober 2004 WO 01/83800 PCT/US01/ 13793 [403] Thes8 (Pitalssri2084 ar e

el ectroporated i nto Myxococcus host cells containing the epothilone PKS
genes, and kanamycin resistant transformants selected to identify. the’

si ngl e cr¥9sB@E3#00r econbi nants. These transformants are selmrieshifiores _
gal actose resistance to identify the double crossover reconbi nants, which
are screened by Southern analysis and PCRto identify those containing the

M A s S L a1

na 11 AR poRlont ATELY, 6RG D PEOHIRERTIL ) Ut o ARt  oned
i nt o pNEBIenut of\/thé”lBEd@%?t TredtgatRh ikEBRerictn TipeCHltr K800 25 Was

desired .
for epot

cut with
wi th Pad

Pad. The 924 bp nd was cl oned into pKGS90102 and pKOS90- 106 cut
. Mangssasi V4 281H0-220% 85y droNowh2l, 2000 deomowhizhtiataobe obtgn&®ce90

pr onot er / pKOS90102 , pl ' named pKOS90-127 (13.6 kb), and the Soce90
pr onot er / %giﬁﬁﬂbﬁgg‘?&& : E&’r@fﬂnﬁw@ ﬂ;’!@“@ resulting)PK$ posjuckdese

pl asm‘ds
epot hi I-o0
I dentify
sel ect ed

£ .4 host . t ai ni the -
1 B LA o R BB SRR 2,
1” 1 i [ T f "
Ak e SSRGS AT

r econbi naXAD fostthrde cmges atG0eCred thyn pSwid@arzooem?ym 6f aRAhBERId Qiketignt | Ty
e .

t hose co

nt ai ni ng the sired reconbi nati on even The desired reconbi nants

are growbhevnb id for épothilone production. 111-44.6 {5 GG TTAATTAA
CATCGCGCTATCAGCAGCGCTGAG 3"  |'inker Pad primer 111-44.75 GG TTAATTAA

TCCTCAGCGGCTGACCCGCTCCCG 3" ligker Pad primer 1p2 28 Cctober 2004 WO
01/ 83800 PCT/:US01/ 13793 — /&\-
N

S\/\N
o H
The strain was cultured for an additional five days, and the XAD was collectéd and
the epo’chiléneé eﬁdradé_d with 10% methanol. The extract was driéd and
resuspended in 0.2 mL of acetonitrile, and an 0.05 mL sample analyzed by LC/MS,
which showed the piesence of 'epothﬂones B and D, as expected. As discussed in
the foﬂbwing example, this system can be used to prbduce a variety of epothilone
analogs.

Example 10
Modified Epothilones from Chemobiosynthesis

[409] This Example describes a series of thioesters for production of epbt}ﬁléne

derivatives via chemobiosynthesis. The DNA sequence of the biosynthetic gene

cluster for epothilone from SoranSium cellulosum indicates that priming of the PKS

involves a mixture of polyketide and amino acid components. Priming involves

loading of the PKS-like portion of the loading module with malonyl CoA followed

by decarboxylation and Ioading of the extender module one NRPS with cysteine,

then condensation to form én;yfhe-bound N -acety]cystei'ne.r Cyclization to form a

~ thiazoline is followed by oxidation to form enizyme bound 2—méthy1t'fﬁazole-4—
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Exanpl e 9. Construction of a KS2 Knockout Strain [406] Thi&Oetoben064
.describes the construction of an epothilone PKS derivative in which the KS
domai n of ‘%@t ender nmodule 2 is rendered inactive by a mutation changing
the active |"t”§3’i99stei ne codon to an al ani ne codon. The re&GI{USAY13793
derivative PKS can be provided with synthetic precursors.(as. described in
the follow ng Exanple) to make epothil one derivatives of the invention.

bl 111 od CopasaE e pAREOGE i Edb AR b R R SebosiAl o T o5 ) and
0-107. 1( XondechsiE R AEWY ﬁ@g%ﬂil b ]
gKOE)35- 7(81.&2. The O’-nzwli;b' PCR:produgt was ic'ut Wi t h” Nsi F%%g}ﬁéﬁgﬁv?gat ed with

'pSL1190 dipyewidas the equividént of ndlilpidde, tas showaiia GekesR®%. 123 (5.4 kb). A -2 kb
PCR fragnment anplified wth primers_ 90-105 ‘

(5' - T=ATGCATGCGGCAGT TTGAACGG AGATGCTSEHEME A 90- 106 :
(5" - COCCOGAAF TCTCCOGGAAGGCACACGGAGAC- 3' ) from pKOS35-78.2 DNA was cut with

Nsil and |ighted with pKOS90-123 digested with Nsil/EcoR V to create

pKOS90- - 1307 ( 'S-@o/d kb). When this plasmd is cut with Nsil, and the DNA

ends made blunt wth thgpKl enowf f9 of DNA p Y er as | and religated,"
ddape the gall/kany caspetye into this

pl asm d pKOS90g}31 is_created. lﬂL
plasmd, plasgid KG2 is cut w

Kl enow fragne - DNA pol ynerase H. e 3 kb fragnment is clqghed into the
Dral site N pOS90-131 (Dral cuts three times in the vector) to create
pl asm d pKOS90-032 (10.5 kb). The Nsil site is used for t e&ﬁaﬁ%se of
creating the desired change from cysteine to-alanine to effec

tBel “and nade Bz he

e KS2
knockout. When pKOS90-130 is cut with Nsil, rmade blunt with the Kl enow

fragment. from DNA polynerase | and re-ligated, the cod or cysteine is
replaced with a codon for alanine. The resulting plasm Edqzt r oduced

into Myxococcus xanthus strains of the invention in accor®anck with the

protocol s descri bed above to create the desired strains. 153 @8 Cct ober
5004 . "loading domain product”

MM-CoA

epothifone Pre————— /EM—EM
' 0

"diketide equivalent"

[410] The present invention provides methods and reagents for '
chemobiosynthesis to produce epothilone derivatives in a manner similar to that
described to make 6-dEB and erythromycin analogs in PCT Pub. Nos. 9903986
and 97/02358. Two types of feedingl substrates are pfOVidedf analogs of the NRPS

- product, and analogs of the diketide éqﬂivalent. The NRPS product anélogs are
used with PKS enzymes with a mutated NRPS-like domain, and the Jdikeﬁde
equivalents are used with PKS enzymes with a mutated KS domain in module two
(as described in Example 9). In the structures in Schemes 7 and 8 below, R, R; and
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WD 01/83800 PCT/ US01/ 13793 [408] Myxococcus xant hus strai4P Roobarp04 1.2
was constructed by this procedure (using the epothilone A, B, C, and D
producer Kl111-32.25) and deposited under the terns of the Budapest Treaty
with the WHeVSH8h Type Culture Collection, Minassas, VA FCTNS022983 USA,
on Nov..21, 2000, fromwhich it can be obtained under accession No.
PTA-2715. To dem)nstrate that the resulting PKS produced by the strain

coul d sy ded the a ate di k tlde"
crarter” daien vEipdRRt SN SR e Sionp CorBBM Ok e, G Towmr xap
for thr egnaa () 1200 ng/nL of the thi azo,l e di ketide
shown bel X (i tﬁ)gggd%ﬁgﬁe sctllri)%‘?ﬁfwa ‘cultured for an additional five
days, and the XAD was collected and the epothilones extracted with 10%

nmet hanol . The extract was dried and resuspended in 0.2 nL of acetonitrile,
and an Olﬁﬁ]nﬁchm%ﬂmﬁ\aﬂﬂdmttabyelﬁdﬁgmuﬁuhmmh@gfed the presence of

epot hil ones B and D, as expected. discussed in the foll ow ng exanple,
this system can be used to produce of epothilone anal ogs. Exans
10 Modi fied Epothilon from Chenobio thesis [409] This Exanpl e describes a
'series of thioesters ffor production of epothildne .deyivatives via

chenobi osynt h Shmy/"gﬁ‘pe cluster for
epot hi l one from or ngi uan cell I osum i ndiatgs that prinmjng of the PKS

i nvol ves a m xture' of polyketi de’ and ani no aci d conmponent 2 Prim ng
involves |loading of the PKS-like portion of the |oading nodule with

mal onyl CoA followed by decarboxylation and | oading of the extender nodul e
one NRPS with cysteine, then condensation to fgm enzyrre bound

N-acetyl cysteine. Cyclfization to forma thi zoI n | | owed by

oxi dation to for {b&upcf\%(«et hyIt ober 2004 WO

01/ 83800 PCT/ US

The Joading module analogs are prepared by activation of the corresponding
cgrb_oxy]ic acid and treatment with N—acety_lcystearrline. Activation methods
include formation of the acid chloride, formation of a mixed anhydride, or reaction

with a condensing reagent such as a carbodiimide.
[412] Scheme 8 shows illustrative diketide equivalents.
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carboxyl ate, the product of the |oading nodul e and NRPS. ZuOstebere¥D4
condensati on w th. nmet hyhnal onyl CoA by the ketosynthase of nodule two

provi des the equivalent of a diketide, as shown in Schenme 6. SCHEME 6 O

) LS- CoA AV RE§§30Gx dati on epothilone 0 "loadi ng donai n pPEHESIFI37Enz 0
"di ketide equivalent” [4101 The present invention provides nethods and
reagents for chenobi osynthesis to produce epothilone derivatives in a
manner simlar to that described tgséﬁﬁ‘?-sdEB and erythromycin anal ogs in
PCT Pub. Nos. 99/03986 and 97/02358. " Two types of feeding substrates are
provi ded: anal ogs of the NRPS product, and anal ogs of phe diketide

equi val ent, The NRPS g oduct apal ogs are wused with PKSienzymesywith a

-mrut at ed NRPS- AT, e diketi Se i th PKS
enzynmes wi th\a gutatled KS domairli i n nodul e t as dgscribed in anpl e
9). In the stfuctur€s i-n Schemes®7 and 8 below, R R and 155 28 Cct ober
2004 WO 01/83800 PCT/USO /13793 R2 can be independently selected fromthe
group consisting of methyl, ethyl, lower alkyl (Cl- C6), and substituted

| ower al kyl .

Y
S taaaad
Y

Hy—N R

The diketide equivalents are prepared in a three-step process. First, the
corresponding aldehyde is treated with a Wittig reagent or equivalent to form the
substituted acrylic ester. The ester is saponified to the acid, which is then activated
and treated with N-acetylcysteamine.

[413] Ilustrative reaction schemes for making loading module product analogs
and diketide equivalents follow. Addjﬁbnai compound suitable for making
- diketide equivalents are shown in Figure 1 as carboxylic acids (or aldehydes that
.can be converted to carboxylic acids) that are converted to the N-acylcysteamides

for supplying to the host cells of the invention.
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[411] Schene 7 shows illustrative |oading nodul e anal ogs.28 S@dedE004v Y O
0 The | oadi ng nodul e anal ogs are prepared by activation of the
correspondin carboxylic acid and treatnment with N-acetyl cystean ne.
Activati SO PEEBYYs i nclude formation of the acid chl ori dBCTRSAHERT®DN of a
m xed anhydride, or reaction with a condensing reagent such as a

carbodii m de.- [412] Schene 8 shows illustrative diketide equival ents. 156

28 Cctob V\D 01/ CH 8 PCI/ USD1/13793 The di ketid
equi va?e%‘t’ %g?}? é’ﬁy{g’?z%li Stg‘f’ﬁ’ﬁ’eﬁ P, Fi rste Ithg ! cgr r espondi ng
al dehydel[ )t @F?&lﬁﬁoi’i"df'i‘l’lﬁa Wehé BG4 BAGRTE 2l rq%g@%:gﬂ%rﬂt%ff mthe

substituted acrylic ester. The ester 1°'s sapo e acid, Wmch is'

then act tmwo&mtmmeﬂemmobpmtww&&a@ama& dmiithd §}3
reaction schenes for mating | oading nodul e product anal 6gs di ke |de

~ equi val eand diphergiphosplerybazided85panb) ﬁsfmnhhoar,fr@ace@kmgeamﬁnee(ome
“Tan' be BN aaded 2 W R orhee allowes cprcaeh i Ykow. Themtuce.
et ober” STRPYBED IrigShaR BRI g ﬁﬂ%ﬁcw i 33%%% fon
(128 TR R o et adtied R AR AR oot
treated WTlhsatr CeS0y) and beingheh dried over MgSOy, filtered, and concentrated

under vacuum. Chromatography on 5iO2 using ether followed by ethyl acetate

. provided pure product, which crystallized upon standing,

B. Furan-3-carboxylate N-acetylcysteamine thioester
[415] A solution of furan-3-carboxylic acid (112 mg) in 2 mL of dry
tetrahydrofuran under inert atmosphere was treated with triethylamine (0.25 mlL)
and diphenylphosphoryl azide (0.50 mL). After 1 hour, N-acetylcysteamine (0.25
mL) was added and the reaction was allowed to proceed for 12 hours. The mixture
was poured into water and extracted three times with equal volumes of ethyl
acetate. The organic extracts were combined, washed sequentially with water, 1N
HC, sat. CuSOy, and brine, then dried over MgSOy, filtered, and concentrated
under vacuum. Chromatography on SiO using ether followed by ethyl acetate

. provided pure product, which crystallized upon standing.

C. Pyrrole-2-carboxylate N-acetylcysteamine tiioester ,

[416] A solution of pyrrole-2-carboxylic acid (112 mg) in 2 mL of dry
 tetrahydrofuran under inert atmosphere was treated with triethylamine (0.25 mL)

and diphenylphosphoryl azide (0.50 mL). After 1 hour, N-acetylcysteamine (0.25

ml) was added and the reaction was allowed to proceed for 12 hours. The mixture
- was poured into water and extracted three times with equal volumes of ethyl

acetate. The organic extracts were combined, washed sequentially with water, 1 N

HC], sat. CuSQy4, and brine, then dried over MgSQO,, filtered, and concentrated
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and di phenyl phosphoryl azide (0.50 nmL). After 1 hour, N at%®ylobgsi084ni ne
(0.25 nlL) was added, and the reaction was allowed to proceed for 12 hours.
The m xture was poured into water and extracted three tinmes wth equal

vol umes ofW@PHKJIB00 gcet ate. The organic extracts were comnbi RERUSKEEITEH
sequentially with water,1 N HCO, sat. CuSO», and brine, then dried over
MpSH, filtered, and concentrated under vacuum Chromatography on Si Q2

using eth at e..~pravi d(%%jl I r oduc whi ch
crystal I %1 egg(%nsms@a%f%%}@?%8&%953%’&( ! sfgﬂﬁvg‘i‘ﬁﬁéﬁ AEEREE ne

Lhi oest er pradiabdbaRlpbian, WhitheARulisal Bpskistdifkd (112 o) in 2 nt of
dry tetrahydrofdran under inert atnosphere was tredted with triethylam ne
{0.25 nL) and di phenyl phosphoryl azide (0.50 nmL). After 1 hour,

N acetyl cyst eani ne é? 25 nl) was_added and the reaction was allowed to
proceed f &t 4Maliahis(S-tieyhnsyiate N-watylqysterwind Hicestamt er and ext ract ed

conbi ned. atindl EHIRmAA BB Mensettiess’ K giofese o FhorbemeR- "and br i ne.
v ot o) An PRl 2 e EhE bR R A AR ot BEC e gl pur e
product, ihdepietratstdablirand20a(l) wishalited at feflly fdraldehains ATROXMLRLE was

N-acetyl cysteamne tlrioester [4161 A solution of pyrrole-2-carboxylic acid
(112 ng) Fecledip apibignttemparatirg dndfameeniraitel toi drynesstmidapramuenwaEhd r eat ed

AR s a0 1) M1

o 0ved R BRBAB e e cTIEAL i BRoRH e B Gt 0

QUSOn, A B R DNy B PR Ao ol oy o 156 26

Cct ober 2004 WO 01/83800 PCT/USO01l 13793 under vacuum Chromat ography on

chost o Bl L DRl ey Dy B 5 e B o ) s oot
mixture of methanol (5 ml) and 8 N KOH (5 mL) and heated at reflux for 30 .

- minutes. The mixture was cooled {o ambient temperature, diluted with water, and
washed twice with ether. The aqueous phase was acidified uéing INHC then
extracted 3 times with equal volumes of ether. The organic extracts ﬁrere
combined, dried with MgSOs, filtered, and concenfrated to dryness under vacuum.

-Crystallization from 2:1 hexane/ ether provided the product as colorless nieedles. .

{419] (3) 2-Methyl-3-(3-thienyl)acrylate N-acetylcysteamine thicester: A solution of 2-
Methyl-3-(3-thienyl)acrylic acid (168 mg) in 2 mL of dry tetrahydrofuran under
inert atmosphere was treated with triethylamine (0.56 mL) and
diphenylphosphoryl azide (0.45 mL). After 15 minutes, N-acetylcysteamine (0.15
mL} is added and the reaction is allowed to proceed for 4 hours. The mixture is
poured into water and extracted three times with equal volumes of ethy} acetate.
The organic extracts are combined, washed sequentially with water, 1 N HC], sat.
CuSOy, and brine, then dﬁ_ed over MgSQOy filtered, and concentrated under
vacuum. Chromatography on SOz using ethyl acetate provided pure product,
which crystallized upon standing.
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D. 2 Methyl-3-(3-thienyl)acrylate N acetyl cystearnine thi&eSetebe2094] (1)
Et hyl 2--nethyl-3-(3-thienyl)acrylate: A m xture of thiophene-3- ,
car boxal dehyde (1.12 g) and (carbet hoxyet hylidene)triphenyl phosphorane (4.3
g) in dWOOMBIRydrofuran (20 nmL) was. heated at reflux fRET/USHINGI9ES. The
m xture was cooled to anbient tenperature and concentrated to dryness
under vacuum The solid residue was suspended in 1:1 ether/hexane and
filtered to renove triphenyl phosphine oxide. The filtrate was filtered

t hrough a pad of SiC2 using 1:1 ether/hexane to provide the product (1.78
g, 91% bRl ' hyle 3¢ ' clylic acid:
The est e?&%(?o%q{( 1) ms&gl%%d&%%#gﬁpgﬂ%@yﬁ%@%ﬁ &n%%ﬁg%%%@%ghd 8 N
KOH (5 nirpcambirtamé epdttatonedf{Sinf frar indentionin wlgeh effther tHeRPS Jyaheda! ed to
anbi ent tenperature, diluted with water, and washed twice with ether. The
aqueous pieaRan cfgxtendenmodide Zhasgoaen inattivated by:muiatiateptepasstii t h equal

vol unmes of ether.. The ani ¢ extracts _were conbined, dried.wth MySH4, E
fil tered,coﬁﬁ‘?ﬁp%%'grﬁﬂog"g‘am?‘ge’a}’%\é% thedavendelum  Orystalli zat | on from '
2: 1 hexane/ ether provided the product as colorless needles. . [419] (3) 2

Met hyl - 3-(3-thienyl )acryl ate N-acetyl cysteam ne thioester: A solution of 2-
Met hyl -3-(3-thienyl)acrylic acid (183:mplein 2 nL of dry tetrahydraofuran
under inert atnosphere was treated wth triethylamne (0.56 nL) and

di phenyl phosphoryl azi de (Eré¢Buntidn oAFpethildneAnalops, N-acetyl cyst eami ne'
(0.15 IS adged,and th?@rteactio_n Is allowed to proceed for 4 hours. The
mxture i pduPaHction f ladeatoepethilone Anadoghree tines with equal vol unes

of et hyl t . r j tr re _conbined, washed. uentjally
i th v S5 Htpupbe G RRRIE AGMARRA Bl BRI s of i Gpoidne PR
MySOA, f i kbgiflgdn ARFHISQ PR G By eisia IR n Si e

usi ng et hyl acetat’e proVided pure prodﬂ%%f?lpﬂyvme crys%gﬁfﬁg-e%tﬁpon

st andi ng ept8tilone2sTke exthadePfidd il KX 3800n A S BB Zepl4eRi thee above
conpounds are supplied to cultures of host cells containing a reconbi nant

epot hi | otdlek@pegenawithNasinusodelpted yarsionsias describrsd hlowr. First, feagtBents -
were amplified using plasmid pKOS39-118B (a subclone of the epoD gene from
‘cosmid pK0835—70.4) as a template. The oligonucleotide primers for forming the
left side of the deletion were TL3 and TL4, shown below:
- TL3: 5'-ATGAATTCATGATGGCCCGAGCAGCG; and
TLA: 5-ATCTGCAGCCAGTACCGCTGCCGCTGCCA.
The oligonucleotide primers for forming the right side of the deletion were TL5
and TL6, shown below:
TL5: 5’-GCTCTAGAACCCGGAACTGGCGTGGCCTGT; and
TL6: 5-GCAGATCTACCGCGTGAGGACACGGCCTT.
The PCR fragments were cloned into vector Litmus 39 and sequenced to verify that
the desired fragments were obtained. Then, the clone containing the TL3/TL4
fragment was digested with restriction enzymes Pst] and BanHI, and the ~ 4.6 kb
fragment was isolated. The 2.0 kb PCR fragment obtained using primers TL5/TL6
was treated with restriction enzymes BgIIl and Xbal and then ligated to either (i)
the “short” KR linkers TL.23 and TL24 (that are annealed together to form a
double-stranded linker with single-stranded overhangs) to yield pKOS122-29; or
(i) the “long” (epoDH3*)} linker, obtained by PCR using primers TL33+TL34 and
160



domai n of extender nodul e 2 has been inactivated by nutat2®@ctoberidépar e t he
.correspondi ng epothil one derivative of the invention. Examl pe 11
Production of Epothilone Anal ogs A Production of 13-keto-epothilone _
Anal ogs [ 499101888t i vati on of the KR domain in extender no®girarso®i3rhst he
epothilone PKS results in a hybrid PIS of the invention useful, in the
production of 13-keto epothilones. The extender nodul e 4 KR domai n was

nodi fi ed - repl acing the w.ld-type ge with various del eted versions as
descri bed %@%@%@Fﬂ@&ﬁéﬁ%ﬁwﬁ%ﬁ fibend Sgel, tyield plasswid pEIREEZD- 1188

a subcl o f 1,d 0S35-70..4) as a te ate. The
f)l i gonucl (raa(;t' ?E‘Stsgﬁ‘f%e&r%g"? ;&?&F éh%%hagﬁﬁgde F.igngerss H-Plﬁrﬁér%%‘?‘@?ﬁbﬁ}%% e TL3
and TL4, shomwy-8eCoCGTEA A AR RAATICATCATCESESEACEAGEE Gar cclick:

5' - ATCT ) |igonudeotide prinmers for formng
the right %tsalggé %#%@%&%ﬁ;&%&c ﬁﬁggﬁggcmﬂﬁﬁﬁrﬂ& |
5' - CCTCT AGRARTOEANCTGECGTGECCTGT; and  TL6: , ]
5- GCAGAT b ' PCR fragments were cloned into vector
Li t mus BW&F?%%%Fﬁg% red fragnents were

obt ai ned. TIBeR -TCAETATIREGEATATOCAOGCTEeCET®. TL, 4 fragnment was di gested

wWth restriction enzynes Pstl and BanM and the - 4.6 kb fragnment was
i solated. The 2.0 kb PCR fragnent obtained using prinmers TL5/TL6, was

t ted w | ' ' ' . d dth | I. gat t ith
(5 the TERYr RSP cSREHERS dREb o B iS wicte Boniied b ner 10
: q i . gl el d
p&_roglgz- 2(93_;@@)?1@%%??&?%?"I‘ong?'%%})%ls-ls*) I n[?g r, 1%6@;%%3 3')1#5% ﬁls?ng
priners Tisgesofmadh tBhexgacligatedwithake WnAthy GB806is RETE URE I8 883a t hen

treatnment with ﬂa?stri ction enzymes Nsz1l and Spel, to yield plasm d pKOS122-
G or kan-gal) cassette to provide the delivery plasmids. The delivery plasmids

were transformed into epothilone B producer Miyxococcus xanthus K111-32.25 by
electroporation. The transformants were screened and kanamycin-sensitive,
galactose-resistant survivors were selected to identify clones that had e__liminat'ed

| the KG genes. Confirmation of the KG elimination énd the desired gene
replacement for the recombinant strains was performed by PCR. The recombinant
strains were fermented in flasks with 50 mL of CTS medium énd 2% XAD—16 for5
days, and epothilone analo gs were eluted from XAD with 10 mL of methénol.
Structure determination was based on the LC/MS spectrum and NMR. One such. -
strain, desigﬁated K122-56, was deposited with the Americah Type Culture
Collection, Manassa, VA 20110-22_09, USA, onlN ov. 21, 2000, under the terms of .
the Budapest Treaty and is available under accession No. PTA-2714. The K122-56
strain (derived from plasmid pKOS122-29) produces 13—1§etq¢11,i2-dehydro- ,

epothilone D as a major product whose structure is shown below
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30. The sequences of these oligonucleotide |inkers and pri&@etsbenr2804hown
bel ow. TL23: 5" - GGCGCCCECCAAGAGCGCCECECCGEGT CEECEEECCAGCCGEEGACGEGT;  TL24:
5' - CTAGAOO0GTCCCCGECTGECCCECCGA CTTGECCG GCGCCTGCA;

TL33: . 5" -VWEBAVEISMr GCGCCGGCCGAAGGGECTCGGEA; and  TL34: PCT/US01/13793

5' - TCACTAGTCAGCGACACCGGCGCTGCGITT. [422] The plasmi ds containing the
desired substitution were confirned by sequencing and then digested with

restricti e The t he, | ar ra nf of each.cl one was

| i gat ed »I%l ﬁﬁé%%%?ﬂ?ﬂ?%?&%%%ﬂ%@gﬁggﬁﬁﬁwg @ PLas RENgT casset t e
to provi | QR Bty LVEn asm ds were transforned
intg e\ég?ﬁ?ﬁ{.}%ﬁgﬂgs&%ﬁ%cer WXO%EE%Q%%@%I%H-SZ. 25 by

el ectroporation. The transformants were screened and kapamyci n-sensitive,
gal act ose-resigt ant sy re selected to idenpifyjclones that had

el i m nated e |KG genes tion of yReyKG el | atvon~and t he
desired gene JTE r @bl n tI strgi nsfiwas per or@g by PCR =
The reconbi nant strai nted in **l asksS Wwigth 50 . medi um

and 2% XAD-16 for 5 i | one anal ogs from XAD with

10 nmL of nethanol. Str erm nati on was base Yhe spectrum
and NVR. One such straiG, d#di dhated K122-56, was d gd @i th the
Anerican Type Culture Collection, Manassa, VA 20110-2209, USA, on Nov. 21,

2000, under the terns of the Budapest Treaty and is avail abl.e under
accession No. PTA-2714. The K122-56 strain (derived from plasmd

pKOS122- %ﬂprpdyce_s 13 keto-11, 12-dehydro- epothilone D as a major product
whose st uPEnilar rasuls warshtained fromesiraps shederived oM plasesido0 ‘

PCTI USOl AR 47l o238 A BB bl RSS2 EL S SRELLT 11 omes

them are novel compounds, strains, and PKS enzymes of the invention.

[425] Other strains of the invention that produce the 13-keto-11,12-
dehydroepothilones include those in which the KR domain is rendered inactive by
one or more point mutations. For example, mutating the constitutive tyrosine
residue in the KR domain to 4 phenylalanine results in about a 10% decrease in KR
activity and results in some production of 13~keto-epothi10nes. Additional
mutations in the KR domain can eliminate more or all of the KR activity but can -

also lead to decreased epothilone production.

B.  Production of 13-hydroxy-ep0thilone Anélogs | .
[426] Replacement of the extender module 5 KR, DI, and ER domains of the
epothilone PKS with a heterologous KR domain, such as the KR domain from. |
extender module 2 of the rapamycin PKS or extender module 3 of the FK520 PKS, |
results in a hybrid PKS of the invention useful in the production of 13-hydroxy
epothilones. This construction is carried out in a manner similar to that described
in part A of this example. The oligonucleotide primers for amplifying the desired
portions of the epoD gene, using plasmid pKOS39-118B as a template, were:

TL7: 5-GCGCTCGAGAGCGCGGGTATCGCT; |
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products whose respective structures are shown bel ow [ 42428 Qptab¢ra00desul t s
wer e, obtai ned fromstrain K122-30, derived fromplasmd pKOS122-30. These
conpounds and the strains and PKS enzynes that produce them are novel
conpounds W@ 0VE#s, and PKS enzynes of the invention. [425CTUSEMIEGET ai NS
of the invention that produce the 13-keto-11, 12- dehydroepot hil ones incl ude
those in which the KR domain is rendered inactive by one or nore point

mut at i ons. For afgr%; {HE iﬁ-‘gt | j yrosine residue in the
KR domain to aT%ﬁ'eny §Fan| nghr esu%?c’lc(%eg"ggt#&g b decrease in KR
activity.and repgl ¥ SGCTCIAERAGrECE el TE L GecGEPoyYy | ones. Addi ti onal
mutations in the KR domain can elimnate nore or all of the KR activity but

can al so | ead TLA0:deCCAGATCITGQGGLEUECTGAITETOGAR. Producti on of
13- hydr oxy- epot hi | one Anal ogs [ 4261 Repl acenment of the extender nbdule 5
KR, DH, and ER domains of the epothilone PKS with a heterol ogous KR

d in, t d n f tend ul f th /ci n PKS
or oxt endlodt B GrBRE: Erud Rt bhgwer 1LY 118 waasPebRESGctare
. . 4t o : ) . ki .
l:g\rllgtnrljgtni on s %Séra%l?g eg%fﬂﬁﬁég%ﬁ&%%&g mg{ ar !gg?%act Iohgés}&Sc nl b%g\%%{ n part

A of thi sand@gilendihe 5ol kbmg@h@ﬁtwmsarakéepéﬁdﬁi%htﬁwm{%m kbecgesired
portions of the epoD gene, usi n% pl asm d pKOS39-I18B as a tenplate, were:

TL7: 5'- GhegrestgreaateEo 1@ ee2@dqvithrestriz€ion @y ficsF@and -
o coTCTASkRslgssed 9 e RBapre it e KR caseRE RORTENT

5' - GCTCTA setiefy Thekdd cassette-onr e BSBIBE SO GTGGAA.
[427] The f rq TL:..7/ TL8 s cl.aned into
Veotor | LETRDESEY ROR A8 HRirib T TR e bl Bt 1 1 on
enzymes Neddtrictiditlerdgimhés XBAGrid Berb Thekb plinddaBet shGwm! ted and |igated
wth the 2.2 (l:<b PCR™ fragnent generateedP rom TL%?TLlO }%?éavgf ed with ?
restriction enfldbed BYEITGERGACCCAGACCGCGGGCGACGC; and

TL32: 5'-GCTCTAGAGGTGGCGCCGGCCGCCCGGCG.

[428] The remainder of the strain construction proceeded analogously to that
described in part A of this Example, except that Myxococcus xanthus K111-72.4.4 -
was used as the recipient. The strain in which the KR domain of extender module 3
of the FK520 PKS replaced the KR, DH, and ER domains of extender module 5 of
‘the epothilone PKS was designated K122-148 and deposited with the American -
Type Culture Collection, Manassas, VA 20110-2209, USA, on Nov. 21, 2000, under
the terms of the Budapest Treaty and is available under accession No. PTA-2711. -
Strain K122-148 produces 13-hydroxy-10,11-dehydro epotBilone D as a major
product and thé C derivative as a minor product whose structures are shown

below
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Xbal and ligated to the KR cassettes. The KR cassette fr o Opiebe994 PKSS
was generated by PCR using prinmers TL31 and TL32 and then digestion with
restriction enzymes Xbal and PstL. These priners are.shown bel ow. TL31:

5' - GECTC AW ACCGOGEEoGACEE; and  TL32: PCT/US01/13793

5' - GCTCTAGAGGT [428] The renai nder of the strain
construction proceeded anal ogously to that described in part A of this
Exanpl e, except that Myxococcus xanthus K111-72.4.4 was used as the
recipient. The strain in which the KR donmain of extender nodule 3 of the

FK520 PK§29%pliesiedidturdshy, ddsignaaed KER2G2 b aéhidh it RUlghaif @il  the
epot hi | one PKS was desi gnated K122-148 and deposited with the American Type

Cul t ure owdwdet ofrthe vaparysin PKA v nied 109 the Siplacemeudy prathyceddho sanrder -
the terns of th apest Treaty a i s avail ghl e under accessign No. PTA
2711. sFP%&H?'#E‘%EQ- Cﬁ”&ﬁ%‘é‘?@ﬁ ﬂ}f‘d?‘%@eylﬁ fﬁgtﬁg‘%%@w thaipardeeRe D as a
maj or- p Gl ' kve LAQr ct. whose structures are ™
shown bnéﬁ%\glv%e %lglg‘i)f %&gﬁ%&%ﬁg%éﬂ J‘Z“%g’g#}%‘%%é%/ US01/ 13793
[429] A simlar strain, designated K122-52, in.which the KR donai n of
extender nodule 2 of the rapanycin PKS was used for the replacenent,

produced@ he FxoductiompdIddto-cpothdonedmlogs and the strains and PKS

enzymes that-produce them are novel conpounds, strains, and PKS enzynes of
t he invem%zn?n@ﬂ%t@a’&ftth@mﬂom%eﬁﬁ@@ﬁrm@ﬂﬂﬁalféb%epq@d;oﬂeP S

| nactivation, of the LN .of extender,nodul e, 6.0f the. epothilone PKS
resul ts '?P“Q*S&B\?e‘i“"ﬁ?@@?ogf% WH%%??S?P%%Q Pﬁo%fc%gﬁlé‘ﬁ@‘l t he 9- ket o-
epothilo ilhes RIBISMS A | || Mﬁﬁ ' Lf genesi s
bs al te??ﬁg]ﬂone 'nghérjmre conse?%g%é{r}%gflgées. g&ﬁ%&%‘zg anéélrges%

sequence la]iérmge)nelﬁ or@donsefvakiesiitiass. The DNAGHA arhliio sddisbihene Bel s
shown bel ow:

KR domain of extender module 6 of the epothilone PKS is shown below:

36710 36720 36730 /36740 36750
GACGGCACCTACCTCETGACCGGCEGTCTEEETEEECTCEETCTIGA
D GTYLYV TG GLGEGGTL G L
36760 36770 36780 36790 36800
GCGTGGCTGGATEECTCRCCEAGCAGEEEECTGEECATCTGGTCCTARTG
S VA GWILATE ETG QG GA ATGEHTIELTV L Vs
36810 36820 36830 36840 36850
GGCCECTCCGETECEGTEACCCOCEAGCAGCAGACGECTGTCGCCGCGET |
G RS GAV SAETO QO OTA ATYVAA I
. 36860 36870 36880 36890 36900
CGAGGCGCACGGCGCECETETCACGETAGCGAGGECAGACGTCGCCGATC
E A HGAZRV YVYTJTYVATRTBEATDTVYV A D>
36910 36920 36930 36940 36950
GGGCGCAGATCGAGCGGATCCTCCGCGAGGTTACCGCGTCGGGGATECCE
R A QI ERTITLTPRETYTH ATESETGM P>
36960 36970 36980 36990 37000
| CTCCGCGECETCETTCATGCEECCEGTATCCTAGACCACGEGCTGCTGAT
L R G VV HAAGTITULUDUDGTEL L M
37010 37020 37030 - 37040 37050
GCAGCARACCCCCECECEETTCCECGCRETCATGECGCCCAAGGTCOGAG
©Q QT PARTFIRATYMATPTZ KTV R
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36710 36720 . 36730 36740 36750 28 October 2004
GACGGCACCTACCT OGT GACCGGOGGT CTGEGTGAGCTCGGTCTGA DG TYL VT GGL GG L G
"> 36760 36770 36780 36790 36800

GOGT GGCT G eH83BMS0CGAGCAGGEGECTGEGCATCTGETGCTGETG S V A BERISOASEIQ G A G
HL VL V>.36810 36820 36830 36840 36850

GECOGCT COGGT GCGGT GAGCGCGGAGCAGCAGACGGCTGTOGO0GOGCT GRS GAV SAEQQT
AV A A L> 36860 36870 36 6890 0
CGAGGCGCACGGCGCGCGTGTCACG%?%%GAGG%%%%CGTC%TC PR ARV vaARA
DV A D> 36910 3692@GGQGT%@\%@@BTQWCACGCGAAGCGCCGCTCTCCTTCTTC
GGGOGCAGAT CGAGOGGAT CgT CRGGGA cgq%anqu};GcgeARPA@SEge gl REV T
AS GM P> 36960 36970 36980 36990 37000

CTCOGCGEOGT OGT TCAT GOGGOCCETIITCT GCATEATCGEGCEAETGAT 13746 V V WIS G | L D.
DGL L M 37010 370 9P AR 05%:

CI:ACI:AAACCCCCCI:GCGGT%%%?)GCCI;T GGCG@CCCAE S E " SR REE P R A v M A
P KV R> 164 28 Octobd B00Y \AD 61163880 SCH uSoﬁ13579? 3¢060 370> 37080
37090 37100 MTw@%ng%%mewggﬁd@m% ALHL

PGQGN _ Y A A ANTT F L DATLUATH H R R>

37210 37220 37230 37240 37250

CGCAGGGECTGCCAGCATTGAGCATCGACTGGEECCTGTTCGCCGACETG

A Q6 L PALSTIODWG GTLTFATD Vs

GGTTTG |
G L»>

'{431] The DNA and amino acid sequence of the mutated and inactive KR domain
- of extender module 6 of the novel 9-keto-epothilone PKS provided by the present -
invention is shown below:
36710 36720 36730 36740 36750
GACGGCACCTACCTCGTGACCGECACTCTGGGTEEECTCEGTCTGA
"D € T YL VTG AL GG GTL G L»
36760 36770 36780 36790 36800
GCGETGGCTCEATGECTGGCCGAGCAGGEGGLTEGECATCTEETGCTEETE .
S vV A _G W L A E Q G A G H L VL Vs
36810 36820 36830 36840 36850
GGCCGCTCCGGTGCGGTGAGCGCGGAGCAGCAGACGGCTGTCGCCGCGCT
G R S G AV S AEQQTAUATYVA A Ls
36860 36870 36880 36890 36900
CGAGGCGCACGGCGCECGTETCACGETAGCGAGGECAGACGTCGCCGATC .
E A HGARVYVYTV VAR ADUVYV A Ds
36910 36520 36930 36940 36950
GGGCGCAGATCGAGCGEATCCTCCGCGAGGTTACCGCETCGGERATGCCE
R A g I E R I. L R E VvV T A § G M P>
36960 36970 36980 36990 37000
CTCCGCGGCGETCETTCATGCEECCEGTATCCTGGACGACGGGCTGCTGAT
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37160 37170 37180 37190 37200 28 Qctober 2004 .
CTACGCCGCGECCAACACGT TCCTCGACGCTCTGGCACACCACCGGAGGG YA AANTFL DAL A
HHRR>_37210 37220 37230 37240 37250

CGCAGGCCM S I\ TT GAGCATCGACTGGGGCCTGTTCGCGGACGTG A Q GRETHISAL/IS783 | D WG -
LFADYV> GGITTG G L> [431] The DNA and am no acid sequence of the

nmut ated and i nactive KR domain of extender nodule 6 of the novel

9- ket o-epot hi l one PK§ pgowi ded {y fhey pmesent ¢ ipventigpng syshowy.bel ow.
36710 36720 36730 36740 36750 -
GACGGCACCTACCT CGTGACCGEEISPETGGTERROCGGTETEAY D G300l vV 3R L GG L G

L> 36760 36770 3678@cﬁ@&ﬁ@uﬁﬁﬁ@ﬁceceeTTcCGCGCGGTCATGGCGCCCAAGGchams
GCCGTGECTGGAT GGCTGECCGAGCAGEEECTCEECATCTAGTCCTGGTG S VA G WL A EQGAG':'

HL VL V> 36810 36828 38830 ¥6s8#0 BRed5oR A2 V M A P K V R>

GGEOCGCT CCGGT GOGGT GAGOGUGHAFOACCAGRMEFICTGTCEEREECCT G80S G AMGAE QQ T _'
AV A A L> 36860 36870 36880 36890 36900 :
CGAGGCGCACGGOGOGOGT B A XS AR ERES YT ACATACLEEMRECCIECACHCETICIIG/ T V A R

A DV A D> 36910 3682023693 36940 36950 * R E A P L S F F-
GGGOGCAGAT CGAGOGGATCCT CCACGAGGT TACOGCGTCGGABGATGCCG RA QI ERITL REV T
A'S GMP> 36960 36970 3898 369967%%boo 37130 37140 37150 :

CTCCGOGGCGT CGT TCAT GREECaS AT S0t Sk S aEEaeat eraGiIT ddir cid cort k& 2004
VL YAGSGAGGTILTILGSPG OQG N>
37160 37170 37180 37190 37200
CTTCGCCACGGCCAACACGTTCCTCGACGCTCTEGCACACCACCCEAGEE
F ATOAUNTPFTLDA ATLA AUHHR R
37210 37220 37230 37240 37250
CGCAGEEGCTGCCAGCATTGAGCATCAACTGEGGCCTGTTCGCEGACETE |
A QGLPALSTIODWGTLF A.D Vs
GETTTG
G L>»

[432] The sirain comprising this mutated KR domain coding sequence was
constructed generally as described in part A of this Example, except that
Myxococcus xanthus K111-72.4.4 was used as the recipient. The strain in which the -
KR domain of extender module 6 was inactivated was designated K39-164 and
deposited with the American Type Culture Collection, Manassas, VA 20110-2209,
USA, on Nov. 21; 2000, under the terms of the Budapest Treaty and is available
under accession No. PTA-2716. Strain K39-164 produces 9-ket0~epothilone Dasa
major product and the C derivative as a minor product whose structures are:

shown below
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WD 01/ 83800 PCTJUS01113793 LRGV VHA AG1 L DD G L 28 Mttobg2000 37020
37030 37040 37050 GCAGCAAACCCCCGCGCGGTTCCGCGCGGTCATGGCGCCCAAGGTCCGAG Q Q T
P A R F R PKV R 37060 37670 37080 37090 37100
TGACACGCGAAGCGCCGCTCTCCTTCTTC G A L BCI/USeK13™3r R E A
P L s F F> 37110 37120 37130 37140 37150
GTGCTGTACGCTTCGGGAGCAGGEGCTCTTGGGCTCGCOGGGECCAGGECAA VL YAS GAGL L G S
PGQGN> 37160 37170 37180 37190 37200

CTTCGCCA ACGCLCT GREACACCA GG FATANTEFOLDALA
HHRR> ' q2 :

CGCAGGGGCT GCCAGCAT TGAGCA CGACT GCEGCCHH TC@%@%?A : L> P A
'L STDWGL ' “1432] JHE shrain conphi sing thi's nut at omai n
codi ng sequence was o gdperal ly as descrilggd i Alof this
Exanpl e, except that ocogcusTxant hus Kl 11-72.4.4 t he
tecipient. The strain ingaigytie KR donmain of exten 6 was

i nactivated was designated K39-164 and deposited with the Arerican Type
Culture Coll ection, Mnassas, VA 20110-2209, USA, on Nov. 21, 2000, under
t he t er s Tdtese bempodngds end thesirgincamdl PKSanaytresithat prtﬂliaxcea:heﬁsaiearbd@
PTA-2716. Strain 39 164 p ces 9- keto epothl | one D as a mjor product
and the CCHEBHR CTRY B hpsxeentionuct ures are  shown bel ow

D.  Production of 2-methyl-epothilone Analogs

[433] The 2-methyl-epothilone analogs of epothilones A, B, C, and D can be
constructed by replacing the éoding sequence for the extender module 9 AT
domain (”epoATQ”) with coding sequences for an AT domain specific for
methylmalonyl CoA. Suitable replacement AT domain coding séquences can thus
be obtained from, for example, the genes that encode extender module 2 of the
FK520 PKS (“FKAT2”; see PCT Pub. No. 00/020601, incorporated herein by
reference); extender module 2 of the epothilone PKS (“epoAT2"); and extender -
module 3 of the PKS encoded by the tmbA genes (“embAT3"; see U.S. Patent No. -
6,090,601 and USS. patent application Serial No. 60/271,245, filed 15 Feb. 2001, each
of which is incorporated herein by reference). The replacements are performed
generally as described above, and the particular epothilones produced depend
‘merely upon what epothilones are produced by the Myxococcus host in which the

replacement is conducted.

[434] Thus, the epoAT9 coding sequence (from nucleotide 50979 to nucleotide
52026) is replaced by either epoAT?2 (nucleotide 12251 to nucleotide 13287) or
FKAT?2, or tmbAT3 coding sequences with engineered Bglll (AGATCT) and Nsil
(ATGC‘XT) restriction enzyme recognition sequences at juncﬁdns. '
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166 28 Cctober 2004 9 WO 01/83800 PCT/ USO/ 13793 These conpolpigberad®84t he
strain and PKS enzynes that produce them are novel conpounds, strain, and
PKS enzynmes of the invention. D. Production of 2-nethyl-epothilone Analogs :
[4331 ThVOOHEAY| - epot hi | one anal ogs of epothi tones A ECHSOMI can be
constructed by replacing the coding sequence for the extender nodule 9 AT
domai n ("epoAT9") with coding sequences for an AT donain specific for

E‘Et obt a1 ARPER IR CRRIETERLLE AL Baet LEGR BRGE SRR o o
FK5
by rof oroaes Conpltiihe %ﬁ%‘gﬁ?‘ﬂ%dggﬁ%’ﬁf’éﬁg&sk@%‘%@ e"ond :

ext ender Hindtilhad Bedli sithe ahB Seqiiandsia whthhegRREed (Selitbds; see
U.S. Patent No. 6,090,601 and U.S. patent appl i cation Serial No.
60/ 271, 24®sighietestiPl.e reoligompdeotidasset! intthisP alra-corporat ed herein by

and L ho b %&%ﬁ%éﬁﬁéﬁg@@q@é&%&%&%ﬁ@&&@ yaalffbﬁﬁs%;?ed whove:
epot hi | ones arlﬁ‘lg_g " ?KGE@%E" m repl acenment
I S conduct ed. T us, e ep I'n enc nucl eoti de 50979

to nucl eotide 52026) is repl aced by e| ther epoAT2 (nucleoti de 12251 to
nucl eoti de 13287) or FKAT2, or tnbAT3 codi ng sequences with engi neered

Bg2l | (ARISEIT)A seudntSPCR i§ AS&CAT yen@atd arct1 Orktefia nit &6 bKOSp9-9eguences
at junctions. 167 28 October 2004 WO 01/ 83800 PCT/US01/13 [435] A first

PCR i s uddiAtas tgmmplate: ThePCR fragrient ﬂ&gﬂml@néd toprecBs L ITMUBRR At theed as
tenplate '1‘\1'.5:-1[1h ancf g‘:;gle sitad ana setllﬁeﬁclé ¢! OTed JcP th'the tcfesnléhggggggceaé the
designated P2. The oligonucleotides used in this PCR are:
TLI-3B: 5'-GCATGCATGCGCCGGTCGATGGTGAG; and
TLI-4: 5-AGACTAGTCACCGGCTGGCCCACCACAAGG.

[437] Plasmid P1 is then digested with restriction enzymes BglIl and Spel, and the-
4.5 kb fragment is isolated and ligated with the ~1.9 kb Nsil-Spel restriction.
fragment from plasmid P2 and with one of the three replacemeﬁt AT fragments.
(FKAT?, epoAT2, tmbAT3) isolated as Nsil-Bgll restriction fragments to obtain
plasmids P3.1, P3.2, and P3.3. The replacement AT fragments are generated by
PCR using the following oligonucleotide primers:

for FKAT2: N

TLII-20: 5’-GCATGCATCCAGTAGCGGTCACGGCGGA; and

TLII-21: 5’-CGAGATCTGTGTTCGCGTTCCCCGGGCAG;

~ for tmbAT3:

TLE-13: 5-GCATGCATCCAGTAGCGCTGCCGCTGGAAT; and

TLH-14: 5’-GCAGATCT GIGTTCGTGTTCCCCGGCCA; and

for epoAT2:

TLII-17: 5-GCATGCATCCAGTACCGCTCGCGCTG; and

TLII-18: 5-CGAGATCTGTCTTCGTCTITCCCGGCCAG.
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H ndl Il and Bgll sites and sequenced; a plasm d wth the 2BGttobet 2084uence
1s designated P1. The oligonucleotides used in this PCR are: TLII-1:

5'-ACAAGCWCGCGTCT; and TLII2:
5' - CGAGAT GGAAGCGGOCCTG. [ 436] A second PCR is uBEHUSHVHMer at e

an 1.9 kb fragment using pKGOS39125 DNA as tenplate. The PCR fragment is
subcl oned into vector LITMJS28 at the NszT and Spel sites and sequenced; a

plasmd w t B9, JeRir SOOI SRCEPS § A0SR el P2 The 0 L.des

used in tﬁ%g]Pg are:s%’l 3E: SCCATECA X G g@gﬁ%ﬁ&%&-&
5' - AGACTAGT GhEIRE CRieeA QTRGASEENG HR4Inidh afbshdfbrned the hrChrigRlIgMe-W t h
restriction enzynes Bglll and Spel, 'and the. 4.5 kb fragnent is isol ated

and | i gat gatodixcimgtMgxochedskigniles Boshedll ofedherinvention (i.ef, iagitert4.4), amdhasni d
P2 and with_one of the three replacenment AT fragnents FKAT2, epoAT2,
{ hAT3) i <81 e rularRg qateqd &rtf?mq%eﬁ%%ﬁtr@cmgmwvemagm ds

P3.1, P3. : e I fra ner d b PCR
usi g ¢ he eSS AP Pt PAE apr foreraee PRIk Ko Biftbiing the

5" - CCATCUAESr @ FaErtbilaficiedvetareft turbllih 59l cultures and screened by

5' - CGAGATCTGIGITCCCGITCCCCGEGCAG, for tnmbAT3: TLIT 13:

S' - GCAT CCATCAMIS Tt ptsditdticaTTaheAlksired domipdund. 4The expected products are 2-

5' - GCAGATCTGIGITCGIGITCCCCGGCCA; and for epoAT2: TLI'T-17:"

5' - GCATGCAretbxbepabdored api@-methyl-cpathilege C whose structures are shown

5' - CGAGAT CTTCGICTTTCCCGGCCAG. 168 28 Cct ober 2004 WO 01/ 83800

PCTI USO1/ *[4381 Plasmds P3.1, P3.2, and P3.3 are then nodified by
insertion at the Dral site of the kan ga! cassete. The resulting plasm ds
are transforned igto an epo}/' :

L ‘ S
—QN]\/L:,_ ~OH —«N I o,

E. Production of 6-desmethyl-epothilone Analogs

[439] The 6-desmethyl-epothilone analogs of epothilones A, B, C, and D can be
constructed by replacing the coding sequence for the extender module 7 AT
domain (“epoAT7”) with coding sequences for an AT domain specific for malonyl
CoA. Suitable replaéement AT domain coding sequences can thus be obtained
from, for example, the genes that encode extender module 3 of the FK520 PKS;
extender module 5 of the epothilone PKS (“epoAT5”); and extender module 4 of
the PKS encoded by the fmbA genes, each of which is incorporated herein by
reference). The replacements are performed generally as described above, and the -
particular epothilones produced depend merely upon what epothilones are

produced by the Myxococcus host in which the replacement is conducted.

[440] Thus, the epoAT7 coding sequence (from nucleotide 39585 to nucleotide
40626) is replaced by either epoAT5 (nucleotide 26793 to nucleotide 27833) or
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produci ng Myxococcus xanthus host cell of the invention (48 ctober 2004

and the cells are cultured and selected for the . .
doubl e-crossover reconbi nati on event as described above. Sel ected col onies
are screehB@UBFOBCR  Col oni es exhibiting the desired rec8FBHAF3 event

are cultured in 50 nL cultures and screened by LC M5 for production of the
desired conpound. The expected products are 2- nethyl-epothilone D and

2 et hy) TR00TY) a6 Slsh L aNiREReRIAR BbA OIEATCHRR O &

K111-72.4.4),

Pr oducti on of

6- desnet hyl - e

i 1 one Anal ogs [439]

6- desnet KATGEAT)ebtriticanaiaygse mdcognitidi deqaencds atfunétiordd D can be
constructed by replacing the coding sequence for the extender nodule 7 AT
domai n ("epoAT7") with coding sequences for an AT domain specific for S

ot o1 nea Bl e s _ P
e PR B ool SRRUPRe I Vit CPATR e B i,

| ncor por ah@UsRAEd i sediRiRb @ Bhsmia wvifle MlEGEIRA &qﬁ:ﬁﬁc@ﬂé&%ed

ove, and the particular epo

FK520 PKEs

ext ender m%gg%tg%

general ly as ‘described a

iHeRen THAKb Srione oo e ab DN Aot the

ones uced

depend nd#¥eThe ofigonubledtidpotibed mnidds BER arpr oduced by the Myxococcus host in
whi ch the replacenent :is conducted. [4401 Thus, the egoAT? codi ng sequence

(fr om nucl eot i 1dd-8B §EGAT LA TEst( GAGUCEEA CGEGER

(nucl eotide 2
PCTI USO1/ 1379
(AGATCT) and

scnisl; ei t her epoAT5

i ssiitiduicccaliniesidivhesves v Lgtuiriae

Nsi 1 (ATGCAT)

restriction enzyne recognition .sequences at

junctions. 1441] A first PCRis used to generate an -1.8 kb fragment from

setopd PORiS TR IEgenkiatelER-2.130/ RaEmicht G5RG IOEI03gM Ty eCt or

pKOS39- 1
LI TMUS28 at t

he Nsli

DNA as template. The oligonucleotides used in this PCR are: _
TL16: ACAGATCICGGCGCGCTGCCGCCGGAG; and '
TL15: GGTCTAGACTCGAACGGCTCGCCACCGC.

[443] The PCR fragment is subcloned into LTTMUS 28 at the EcoRV restriction

site, and a plasmid with the desired sequence is identified by sequencing and
designated as plasmid pKOS1224. Plasmid pKOS122-4 is then digested with
restriction enzymes Bglil and Spel, and the 4.8 kb fragment is isolated and ligated

with the ~1.8 kb Nsil-Spel restriction fragment from plasmid P4 and with one of
the three replacéement AT fragments (FKAT3, epoAT5, timbAT4) isolated as Nsil-
BgIll restriction fragments to obtain plasmids P5.1, P5.2, and P5.3. The replacement

AT fragments are generated by PCR using the following oligonucleotide primers:

for FKAT3: '

TLH-11: 5 -GTATGCATCCAGTAGCGGACCCGCTCGA; and
TLII-12: 5'-GCAGATCTGTGTGGCTCTTCTCCGGACA;

for tmbAT4:;

TLI-15; 5-GCATGCATCCAGTAGCGCTGCCGCTGGAAC; and

TLI-16; 5’ -GGAGATCTGCGGTGCTGTTCACGGGGCA; and

for PCR epoAT5:
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and Spel sites and sequenced; a plasmd with the desired 2eQuebae0D4
.designated P4. The oligonucleotides used in this PCR are: TLII 5:

5' - GGATGCATGTCGAGCCTGACGECCCGCCG, and  TLI I - 6:

5' - GCACTAGYRRYEBIEATCTCGTCATCCGOCGCCAC. [ 442] A second PCRPE¥/USSEET9D
generate an -2.1 kb fragnment using pKOS039-118B DNA as tenplate. The

ol i gonucl eotides used in this PCR are: 1116: ACAGATCTCGGECGCGCTGCCGCCGRAG

and TL15: GGTQ]LI%F«_ __WW . gnent is
subcl oned into LI %?2 at the Eco res?ﬁ%%%@&%f%ﬁd a plasmd with

t he desired seqq@'(@@epﬁ')@rtimmﬁg‘mpk),sequenci ng and designated as
pl asrni d pKOS122- 4. asm d pKOS122-4"is then digested with restriction
enzymes Bglll and Spel, and the 4.8 kb fragnent is isolated and |igated

with the - Nsj 7-Spel restriction fragment fromplasrnid P4 and with

one of = t r[‘i‘iﬁh:i’i%smlé’ﬁll-’gpée#ér%r ang I%ﬁ%@‘f?ﬁﬁk‘@@ megikied byeinsantinn etihs iyl site| at ed

as Nszl - est:ri Ct i ORfr Syt 0 obtain smds.P5.1, P and

P5. 3. The%?%%%%néﬁr@ﬁ%&tekr Fargmen épa{ S TEr At e ?(B?l tﬁ?inrﬁ?c?hﬁbn ~

fol | owi ng | | | : r ; : ! .
&%@Whmg Bost defllof ti8idventidr d.4;, K111-72.4.4), and the

5' - GTAT CGA, and TLIT-12:

5' - GCAGAT cally ae(ealiicEd ahadGelaétod foi ahe HotBlederostédvier t8combination event as
5' - GCATGCATCCAGTAGCGCTGOCGCTGGAAC, and  TLI | - 16; -
5' - GGAGAT SredrxadrsET Brlecdiedmolonignare sceerrdrbrBERTSolanies eghibtinghthre 2004

WO 01/ 83800 PCIT/USO /13793 TL1|-19: .5 - T TTCCTGTTCA CA; d
TLe (soo. PRFFCATGRmARaLRR SRETeye qulRIed ph 5 lasulbares ankscseenabyos. 3 arc
then modi fricedviyel BRiicoR dtithd B8R Loribhfindd IHI A AR MEATEEH Sre 6

resulting pl'asm are transforned | epot
desmethyl-epothilone D and 6-desmethyl-epothilone C whose structures are -

-

shown below.

S & S
%Nl)"'-. .t‘OH ——«N]\/L'-.
o) | o

O OH O

_OH

'F.  Production of 10-methyl-epothilone Analogs
[445] The 10-methyl-epothilone analogs of epothilones A, B, C, and D can be
constructed by replacing the coding sequence for the extender module 5 AT
domain (“epoAT5”) with coding sequences for an AT domain specific for '-
methylmalonyl CoA. Suitable replacernent AT domain coding sequences can thus
be obtained from, for example, the genes that encode extender module 2 of the
FK520 PKS, incorporéted herein by reference); éxte'nder moduie 2 of the epothilone
PKS (“epoAT2"); and extender module 3 of the PKS encoded by the tmbA genes.
The replacements are performed generally as described above, and the particular
epothilones produced depend merely upon what epothilones are produced by the

Myxococcus host in which the replacement is conducted.
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produci ng Myxococcus xanthus host cell of the invention (28 @ctober 2004
K111-72.4.4), and the cells are cultured and selected for the ‘
doubl e- cr\ﬁ§§9§ reconbi nati on event as described above. Selected colonies °
are scree "%%CR. Col oni es exhibiting the desired recdf¥i3 event

are cultured in 50 nL cultures and screened by LC/ MS for production of the
desired conpound. The expected conpounds are 6- desnethyl -epothilone D and

6- desnet hyl - epot hi | one C whose structures are .shown below. 0 OHO,.OH O

OH O F. Production of 10-nethyl-epothil one Anal ogs ., OH [445] The

10- et hy|[446jp Athis| tecepe T gednfég sa:qmehd:é (iras rhicldbtid 26799 tDnealkobitle

constructed by repIaC|ng the co uence for the extender nodule 5 AT

dO{Tﬁ.I In (‘283 H5 repl ﬁ#;@dq o4t geBl@f}iTgr( t e%!_dz AR5t toondleotidet3287) or f or o .
me nal a repl acenen 0 ences can’'thus
be o)l:/)t ai J{% [%#Jréfnggese%flﬁﬁc e %@%@@@a&? %é?ﬁﬂﬁ It 2 of

the FK5 der nodule 2 of the ~
epot hi | oﬁ%@@%%%%ﬁg 3 encgé%q%e@ﬁ%%%g@?ﬁ? ¢ PKS encoded by
t he tni bA genes. The replacenents are perfornmed generally, as described N
above, and the particular epothilones produced depend nerely upon what

epot hi | offde RCB fragdemiegkreyateddrondprimersT1 hasd TLA2wisingplasmid ¢ @s39ent -

i s conduct ed 171 28 Cctober 2004 WO 01/83800 PCT/ USQl /13793 (4461 Thus,

the epoATdSBagiatgmplatiedsslonedrinte veeps LITMESY: FheRCR priraersiused 222833) i s -

or "L TDAT3 codigTs %ﬁ@@éﬁ?ﬂb‘fﬁ%@é@é&%&c Ry 10T or P2

(ATGCAT) 1 est rirgol SNGEROTRARERAUGELGERGEERSABE! | uncti ons.

[447] A plasmid containing the desired insert is identified by DNA sequencing.
This plasmid is then digested with restriction enzymes Nsil and Xbal, and the '4.6 :
kb fragment isolated. This fragment is ligated with the 2.0 kb PCR fragment
‘obtained from primers TL5 and TL6 (described in Section A of this Example) that
has been digested with restriction enzymes BgIIl and Xbal and with one of the
_three replacement AT fragments (FKAT?2, epoAT2, tmbATS3) isolated as Nsil-Bg/ll
restriction fragments to obtain plasmids P6.1, P6.2, and P6.3. These latter three
plasmids are then modified by insertion at the Dral site of the kan-gal cassete. The
resulting plasmids are transformed into an gpoﬂﬁlone—pfoducing Myxpcoccusr
xaﬁt_hus host cell of the invention (i.e., K111~72.4.4); and the cells are cultured and
selected for the double-crossov.er recdmbinéﬁon event as described ébove. Selected
colonies are screened by PCR. Colonies exhibiting the desired recombination event
are cultured in 50 mL cultures and screened by LC/MS for production of the
desired compound. The expected compounds are 10-methyl-epothiklone D and
10-methy1—epot]rulone C whose structures are shown below
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The PCR fragnent generated fromprinmers TL11 and TL12 usi#gOgbbend084 pKOS39-
.118B as a tenplate is cloned into vector LITMJS 28. The PCR priners used
are: TL11:. 5' - GGATGCATCTCACCCCGCGAACGCG and TL12 :

5' - GTACTA B oGCTGCGEAGE (4471 A plasnid contai ni ng t HeTHEY/1BEY i nsert
Is identified by DNA sequencing. This plasmd is then digested with
restriction enzynmes Nszl and Xbal, and the 4.6 kb fragnent isolated. This
fragment is ligated with the 2.,0 kb PCR fragment obtai ned frqm pruners TL5
and TL6 (described in Sectjion of this Exangl e) that n di gested
Wi th restrictygongenzymes Bgl ™x and Xbal and/W §h one o ree

repl acement AR f 1t sJ(FKATZ, Jepofe, t D o | -BH!I
festriction fr"ggme ts o obtaj Smds P6.1, P5. 2, g ese |atter
three plasmds are thegn insertion at the@_Dr s} “the kan

gal cassete. The resultifng
epot hi | one- produci ng Myxgcocops (xanthus host cell of phe Dweqion (i.e.,
K111-72.4.4), and the cells are cultured and selected for the

doubl e- crossover reconbination event as described above. Selected colonies
are screened by PCR Col onies exhibiting the desired reconbi nati on event

desi ?E'ﬂt ;@SOL odaglipriy iﬁ%@@%@&hﬁ%ﬂﬁq&%ﬁf “epot O?EfZLS”E"Lné“e .
10- ' 172,28 2004
U0 01/ 8560000 Ofa Lo RRB R MISE b Ao R oreta BeaR B!

14- met hy| c6Rsiiitb@ B9 rApRIcREStHEAMIing bequiedrc BB il SRA by R s of.
epot hil ones A, B, 09 %d D can be %—gﬁt r Sct ed gy rep agﬁﬁgu%gkggdi ng .
sequence fomaih¢” epaATafy witl doding seqh@ncatdonan AT dpadid speatfit Forcodi ng .
sequence_s,f% ﬁ\rr:alAT iﬂemai n specific for _
methylmalonyl CoA. Suitable replacement AT domain coding sequences ¢an thus
be obtained from, for example, the genes that encode extender module 2 of the
FK520 PKS; extender module 2 of the epothilone PKS (“epoAT2"); and extender
module 3 of the PKS encoded by the tinbA gehes. The replacements are performed
generally as described above, and the particular epothilones produced depend - -
merely upon what epothilones are produced by the Myxococcus host in which the

replacement is conducted.

[449] Thus, the epoAT3 coding sequence (from nucleotide 17817 to nucleotide

18858) is replaced by either epoAT2 (nucleotide 12251 to nucleotide 13287) or

FKAT2, or tmbAT3 coding sequences with engineered BgllI (AGATCT) and Nsil
(ATGCAT) restriction enzyme recognition sequences at junctions. |

[450] A first PCR is used to generate an ~1.8 kb fragment from pKOS39—124 DNA
used as template. The PCR fragment is subcloned into vector LITMUS28 at the
Xbal and BglIl sites and sequenced; a plasmid with the desired sequence is
designated P9. The oligonucleotides used in this PCR are;

TLI-7: 5-GCAGATCTGCCGCGCGAGGAGCTCGCGAT; and

TLO-8: 5'-CATCTAGAGCCGCTCCTGTGGAGTCAC.

173



met hyl mal onyl CoA. Suitabl e replacenent AT domai n codi ng ZeQuebeae®04an t hus
be obtained from for exanple, the genes that encode extender nodule 2 of
the FK5 PKS;. . ext ender nmodul e 2 of the epothilone PKS ("epoAT2"): and
extenderw%gg{sg‘% of the PKS encoded by the finbA genes. Pﬁ;ﬁglspg Btements

are performed generally as described above, and the particul ar epothil ones
produced depend ' nerely upon what epothilones are produced by the
Myxococcus host inwhich the replacenent is conducted. 14491 Thus, the
epoAT3 codi ng sequence (from nucl eotide 17817 to nucl eotide 18858) is

repl aced [#31]eiA banonelPBR s (e teegeniatatelRPEIL9 kb fragrhest iisiag P&A83I9-024 FKAT2,
or tnbAT3 _codi ng sequences_w th engineered Bgiil (AGATCT) and NslJ

( ATGCAT) IPldéy wsegh asogmgrlaiendhe Fcdyfragment issnhshonesl into yacior LEEMUSSe] A

first PCR.I e 0 nerate an 1.8 kb, fragment frqm, 39-124 DNA used
as terrplcg‘t'%?vs#sﬁé‘%&ﬁ%l gﬁ%% pequengpdi4 Blasp r’(t”gh@é%a%?lpq_ JMYSPEEe & t he

Xbal and i 1 X i ; .he desired sequence is
desi gnat ét% ’%J_ateﬂ]%ﬁ%l ?g%ﬁgg@g'g@%@g%eﬁ%gﬁ%@g& are: TL

| . 7. 5' - GCAGAT QIO RRCOAHNGCABEATCROECTANCRIGCTCGGAG: and

5' - CATCTAGAGCOGCTCCTGTGGAGTCAC. 173 28 Oct ober 2004 WO 01/ 83800

PCT/ USOl / 13793 T30 5"-GCA€INETEAT GEUBATCGGGEaETIBGEAGA.. 9 kb fragment -

usi ng pKOS39-124 DNA used as tenplate. The PCR fragnment is subcloned into
vector LIITMJS28 at the Nsil and Sped sites and sequenced; a plasmd with

S S S M ol R I
estr1 Ct on ooy EeEURAT i “oR i e P AT F R SRUBHIES AR Ted
and |i gat érhgandrt frdra plasikP10&nd vwislebne e thid irbofeplaaanent ATepmbagm d
P10 and with one of the three replacenent AT fragnments (FKAT2, epoAT2,
t nbAT3) i sGEATY epo AL, tmbgyT3) isalated;astiVaih BgHbgsiriction fragitentsito obtain
plasmids P11.1, P11.2, and P113. These latter three plasmids are then modified by
insertion at the Dral site of the kan-gal cassete. The resulting pIaS:nids are
transformed into an epothilone-producing Myxococcus xanthus host cell of the .
invention (i.e., K111-72.4.4), and the cells are cultured and sel_{ected for the double-
crossover recombination event as deécribed above. Selected colonies are screened
by PCR. Colonies exhibiting the desired recombination event are cultured in 50 mL
cultures and screened by LC/MS for production of the desired compound. The
~ expected compouﬁds are 14-methyl-epothilone D and 14—methyl—epothilone C

whose structures are shown below

S &
— |
_.\OH N =, .‘\OH
O

O OH O

174 .



plasmids P11.1, P11.2, and P11.3. These latter three pl as#i Qstoher200Aen
-nmodified by insertion at the Dral site of the | oan gal cassete. The

resul ting ) are. transforned into an epothil one-producin
WXOCOCCU&@%@}; host cell of the invention (i.e., KlllE(?"lZ.Uﬁ‘?lg‘?',’93and t he
cells are cultured and selected for the double- crossover reconbination
-event as descri bed above. Selected colonies are screened by PCR Col onies
exhi bi ti n§l.t hePeedidtish 6LLQIDdRRYdfRepttilord Snfldgsur ed in 50 nml cul tures
and screened by LC/Ms for production of the desired conpound. The expected
conpounds [498¢ Imoneempodipentithe presentinyentongirhyidespaidwdl epetiilonshose
structure e, shgwn bel qw 174 28 COct ober, 2004 WO 01/83800 PCT/ US01/ 13793
H Pr oduci?fgi"dﬁiygﬁrfﬁgﬁé%fﬁr%-% FRomkinanihes sells gt produegsethisnbodi ment ,
t he prese ' ti L de : ot hi kh gne .

10, 11-deh§‘5cf%‘§5}e5§§tm 3glreu%é,d!a°§f&%a{£§§i5¥§lg)n ?@8&?%@%@%9@‘3&'0duces this
, conpound. The structure of 10, 11-dehydrofepothilone Dis shown below. 0 OH
0 [454] In another enbodi nent, the prese i nyention provides a nmethod for

maki ng any 10, 11-dehydr o- epo $t oney ana 769
domai n of extender nodule 5 §f[ he_gpot
correspondi ng epothilone. [455] Yn &

10, 11-deny. droepothilone Dis. cong nactivati ng the enoyl
reductase (ER) domai n of extender nodu ffone enbodi nent, the ER

i nactivation is acconplished by changiny tiggytwe glycines (-Ay-Gy-) in

t he NADPH bi nding region to an al anine and serine (-Ala- Ser-). The 2.5 kb -

R R T e R
: d Y abhef i.t e. dif: . .S, . | § |.eotd d
or i mor s {meNERRY 001 Ry BkS BB o AP Br s ERRRgRaR Y °°

extender module 5 of the epothilone PKS that produces the corresponding

Mgt produces the
a strain that produces

epothilone.

[455] In one embodiment, a strain that produces 10, 11-dehydroepothilone D is.
constructed by inactivating the enoyl reductase (ER) domain of extender module 5.
In one embodiment, the ER inactivation is accomplished by changing the two
glycines (-Gly-Gly-) in the NADPH binding region to an alanine and serine (-Ala-
Ser-). The 2.5 kb BbvCI-Hindlll fragment from plasmid pKOS39-118B (a subclone
of the epoD gene from cosmid pKOS35-70.4) has been cloned into pLitmus28 as -
pTL7 which is used as a template for site directed mutagenesis. The
oligonucleotide primers for introducing the -Gly-Gly- to -Ala-Ser- mutations into
the NADPH binding domain are: _

TLII-22, 5-TGATCCATGCTGCGGCCGCTAGCGTGGGCATGGCCGC.
TLI-23, 5'-GCGGCCATGCCCACGCTAGCGGCCGCAGCATGGATCA.

[456] The PCR clones containing the substitutions are confirmed by sequencing
and are digested Wwith the restriction enzyme Dral and treated with shrimp alkaline
phosphatase. Then, the large fragment of each clone is ligated with the kanamycin

resistance and galK gene (KG or kan-gal) cassette to provide the delivery plasmids.
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t he NADPH bi ndi ng domain are: TLII-22, 28 October 2004

5' - TGATCCATGCTGCGECCGCTAGCGTGGGCATGECCGL.  TLI I - 23,

5' - GCGGCCAT CGCTAGCGECCGCAGCATGGATCA. [ 456] The PCR cl ones cont ai ni ng
the substYPHPERE are confirmed by sequencing and are di FEHEWLAPINR t he
restriction enzynme Dral and treated with shrinp al kaline phosphatase.
Then, the large fragnent of each clone is Iigat ed vmth t he kananycin

r esi Stancﬂleadéhv@@j' lands GKCrahsioaheddhio %d&&r e dghiyery
pl asmids. 175 28 Ogt ober 2004 WD 01/ 83800 uso_u 137 3 The é‘lﬁ | ve}rd)‘/y

- pl asni ds Kifldt#2ah4forddidd-40-1 b tdm:tm;mrhmbmn&’hé)tmrsﬁmmmntylaréaﬂ@hﬂéd and
K111-72-4.4 or K111-40-1 b eI ectro oration. The transformants are screened

agd k?n I CHsPRSIVR 8 ek ﬁ%ﬁﬁf@ﬂ-‘s mmle?edtgﬂ@mm?@ to s
: ; =

of the K& °-w%&aaetﬁ%ﬁ3@£%éﬁwt Eee@qef%éw”es 5 S PaEEmaHOMBAhE K  aconbi nant
1 ok i timipatioR bRAONESIE olAE rEARAIRLARY ¢ FAlQTLRRR: SRETRAL ST 10

L- al ani n?ei;fdi‘giddb PSR! i TR rebofilithant sitaysd 8@ fetmeBitdd u@ﬂaisué&%ﬁ souhi & . 50.

mV) and % XAD- 16 for 7 days, and 10, 11-dehydro-epothilone Dis eluted
from t he C¥meditim (wsitoren5 gy LoMgRds g/ L; L-alamingdctigyil,; &fserine, 1 mg/T;

oo AL a@mé%spmmmﬂ@m%m
e BB e o AR P,

such as a Sorangl um cel lul osurn strain or a Myxococcus strain provided by
the present invention, in nedia supplemented with L-serine. [458] To

i Il ustratle thifrodagidan oﬁDﬂaIzeld—ﬁMﬁtdmjmg Epodhﬂlbﬂésaby(l-‘erﬂbmmus xant hus -
strain. Elll 40.1 or K111-72. 4.4 is fernented in accordance with the

met hods ¢#71pkn ﬁ’ﬁ? @mﬁt e pyesqntdayention §rq1f1@1g@ﬁm@ﬂwﬂ1fm obtainirg)1x,
and 201x basa erl entratl 0 i tch 2.3 mV). The
batch me ’c‘?ﬁ‘?ﬁ ?ﬁ‘%ﬂ"ﬁ‘gep %ﬂh@‘%&’?ﬁ%ﬂ Il g?’ D-16;. 5 g/ L
casitone bo?re%&n&ﬁ%@f)otﬂﬂéﬂé fs replaced by an oxazole) by fermenting an epothilone
producing strain, such as a Sorangium cellulosum strain or a Myxococcus strain

provided by the present invention, in media supplemented with L-serine.

[458] To illustrate this aspect of the invention, a cultures of Myxococcus xaﬁthus '
strain K111-40.1 or K111-72.4.4 is fermented in accordance with the methods of
Example 3, except that L-serine is present at 11x, 51x, 101x, and 201x the basal
serine concentration in the batch media (2.3 mM). The batch media-containing 50
mL cultures thus contain: 20 g/L. XAD;16; 5¢/L casiton,e-; 2¢/L MgSCﬁ; 7mL/L
methyl oleate; and 4 mL/L trace metals solution, and an appropriéte concentration
ofa filter-sterilized 1 25M solution of L-serine is added. The batch titers observed
in basal media were: Epo C: 0.4 mg/L, Epo D: 2 mg/L, Epo HI (the C analog of the
oxazole): Not detectable, and Epo H2 (the D analog of the oxazole): 0.02 mg/L.
Increasing the serine concentration decreased the epoC and epoD concentrations
(almost to undetectable levels at 51x supplementation). Thus, the batch titers in 51x
supplementation of L-serine in basal media were: Epo C: 0.03 mg/L, Epo D: 0.05
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met hyl ol eate; and 4 nmL/L trace netals solution, and an appPoiobéra2084
.concentration of a filter-sterilized 1.25 Msolution of L-serine is added.
The batch g, f)%,oobserved in basal nedia were: Epo C. 0.4 ng{/NL Ego D. 2
ng/ L, Epo P C anal og of the oxazole): Not detectabl ePCHVSMEIE3D (the
D anal og of the oxazole): 0.02 ng/L. Increasing the serine concentration
decreased the epoC and epoD concentrations (alnost to undetectable |evels

at 51x supmdANEPotil oMl oS, arld Bp&H B D, 1Bithey E.. Alte i on of
L-serine Fﬂgbasal medi a we‘&:’ry(el:s Eng%: 0. 03 rrgg{ Epoé:tl)%ét%}?gg&?%mggﬁ%ct ober
2004 WO Oingesecheabsased/ iterdsy alpdut 108obd.H1: 0. 12 ng/L, -and Epo H2: 0.13
ng/ L. A fed batch protocol could increase the observed titers by about 10
“fold. J. Construction of Epothilone Anal ogs [459] |n one enbodi.nent, the

present imvent E%le Eg%ﬁ:;@g Ing:%ialggg epot hi | one derivatives produced

by reconbi nant epothilone y4 the invention in which (i) the

speci fi ci [4599f It BRe exibvdE@eniREY ehw&nmmgu%ﬁﬁamg 40 cystei ne

to another amno acid; (ii) the loadi ng domai anged to an NRPS
or CoA.li gpethilome deriviativbs phodudedamdrdcombindht epsthiione PKSeegiidaesf thOow
such reconbi nant epot hi | one PKS enzynmes of the invention are constructed;
r ef er encedantion inwhihdi)dhe specitigiti of tha edenden medutell HREShas koeanpl e and -

are referyed to.in the.text by.a cit.ation er, apd are incorporated
herein by® eéf%ﬂ@e‘?ys F8pio EB%#}‘FF PEHES aﬁiﬂi{z’g)nﬁ‘etlﬁé ] : i ne

t hat hasgﬁﬁgg | dZ R R 116 f t af]‘ﬁl : h mno .

acids, serin %td% dtnrzlr eon{}%e(,:&ég%aéﬁﬁoc}é@gﬁtﬂﬁ)gg @?/c [ zgﬁ%\ﬁ?eaﬁ%%legat ion .

to yiel d howstrhakcombihdir epptukarolkS ehgfes of ied wehGbnt@FPARrudid® - |

oxazol e and net hyl oxazol e derivatives of ~epothilone D are shown below H O

OH O references cited in this example are listed at the end of this example and are '
referred to in the text by a citation number and are incorporated herein by

reference.

[460] Epothilones contain the amino acid cysteine that has been cyclized and - -
oxidized to form the thiazole. Two other amino acids, serine and threonine, can
undergo similar cyclization and oxidation to yield an oxazole and methyioxazoié,
respectively. For example, the oxazole and methyloxazole derivatives of

epothilone D are shown below

[461] To construct analogs of epothilone with either the oxazole or
methyloxazole, engineering of extender module 1, the NRPS module, can be |
performed. NRPS modules that extend a growing molecule are mzmma]ly

composed of a domain that activates an amino acid, the adenylaﬁon domain, a
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0 OH O [461] To construct anal ogs of epothilone wth eith&Octhberd840l e or.
nmet hyl oxazol e, engi neering of extender nodule 1, the NRPS nodul e, can be
per f or e dul es that extend a growi ng nol ecul € are _nini nal |
corrposedq‘é?wggﬁggrrgi n that activates an amino acid, the ad@ﬁwuasﬂ’mf%orrai n,
a 177 28 COctober 2004 WO 01/83800 PCT/ US01/ 13793 PCP or peptidyl carrier
protein domain, which tethers the amno acid to the NRPS, and a
condensati@hoxipepiidy! cdrtiehproteitedorain, hehiahitathessit@ drtird 4dd kothd NRpgp  of
the growi ng nolecule to forma peptide bond (5, 7). The recognition
sequence an CQ!@@@ﬁWWﬁ@ﬂm@rnghmrtdwes)fhetaminmathaaicdrbwylg::mmpwi thin -

Seauence b B¢ ShmaaolisniE & ot et bog A ) Kt "R BERGR | n

this proggi ' ' ' . am ael d w |l .be, used .t he NRPS ,-
(BT’ " OfSl Aot ORER0 HRAMERY My AThIR BRI HrR B B RILAS NEPS
adeny! at demaingipeeificallyBetiveoh tho haid ABROABersS thisende V4P if ohRPS
that has the amino acid specificity. of the new adenylation . omal n (6,
9) . Expethersgion hes showmsthhtkey eniinnacid it tkisarteteih atgion canpredict flgéh as

t he one bet_weenc{he A4 agg A5 consensus sequence have not been reported. In

oRe eanHPﬁ‘BﬁFi, will bg asgd by $hgNRRI (2:@6@%?@‘?111?@8&@?7&%@3@5&0&?16@ &ci ng
Homal ot EachEsRE fobble R NRPS AdRrf I R on iRt Samathempiingl gesults

o  Nea . _ o _ .
duster, e M NREO RS0t it R sHUTER N o nowd e PR 0 P e

t he condedosedtin @6, 9 Ofeperimetsaesing smatler redbas bf tHe Aleriylatsd RoloR BudR8CI d .
has been attached to the PCP (1.2 Once aéﬁgi incorrect amno acid’is detected

the eff i theongbeiweandtheoivliand A% consepsies sespueinse havenotheerlepavieddIn bhe, in -
addition t wappj ng t.he ti,on dommjn, one can also bring along the _
cognat e 88%&2‘?&‘@“#&%116‘2% #%PG%YEIE{%P’EWWH@‘]- byprenlaging e wagione .
adenyl at foTalyr Y] | |, lve NRPS. [,463]. The present .
i nvent i olﬁgﬁﬁ’so br- cﬁ/?ggg%%(&:o%l ng%%é%%%toﬁﬁg% ‘gerﬁ%é%bﬁﬁé“&’mgp‘%s

with those from vibF and blmVII, which utilize threonine, and with the NRPS-4

region from bim VI of the bleomycin gene cluster, which utilizes serine (3).

-[462] Recent experiments suggest that the condensation domain may be able to |
detect if an incorrect amino acid has been attached to the PCP (1) Once an
incorrect amino acid is detected the efficiency of the condensation reaction is
reduced. To avoid this, in addition to swapping the adenylation domain, one can
also bring along the cognate condensation domain in order to change the

specificity of the adenylation domain and engineer a fully active NRPS.

[463] The present invention also provides recombinant epothilone PKS enzymes
that produce the 16 desmethyl derivatives of the oxazole and methyloxazole forms
of epothilone. Such enzymes are constructed by changing the AT domain of |
extender moaulé 2, epoC, from methymalony] specific to malonyl specific. AT | ‘
domains that can be used to make the constructs inciu_de those from extendef .
module 5 and 9 of the epothilone cluster and extender modules 2 and 4 from the
soraphen gene cluster. | |
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t hat produce the 16 desmethyl derivatives of the oxazol e ZndctwbertdPDéxazol e
.forms of epothilone. Such enzynes are constructed by changi ng the AT donain
of extender nodule 2, epoC, from nethymal onyl specific to mal onyl

speci fic. K@ OEHHI ns that can be used to make the construBEHUSHIIWe t hose -
fromextender nodule 5 and 9 of -the epothilone duster and extender nodul es
2 and 4 fromthe soraphen gene duster. 178 28 COctober 2004 WO 01/83800
PCTI USO1113793 [ 4641 The present invention also provides reconbi nant PKS
enzynmes in which the EpoA protein has been replaced by an NRPS. The
present i r¢éHt iThe presenfinvenides alspippronidesireeprabiriand RES qnzgdusde volyichhl
enzymnes. lipot, il one biosynthesis, begins by the |oading of malonate onto
‘the ACP ofER%e Profgi hes heanreplaceddyy ary aesentdneeIdinnyalsn prgvides

o Epob,  the RS filpaes FRisRef Y S dniy B el BodmeiRitbenitte,
(he resul tythedoRPASHE hiloRalBbivs thEIAZPLPihd thaie J8IRK BrpaiRge (hat

have an ani'no acid attached at the 2 position on etion of

- epoA and thalonageisisubseqienilyNRRERGldted dyethedeSi@dmatinind NiRSraRghedcan be .

used; however, to make the_nost conservative change, one can enploy an
NRPS nodulas anqacetiimeiete poBpoBdihe NRES atodule offtentieanelecula hasbeen acted - -

downst r eam NRP. dyl e. yeover, because the NRPS replacing epoAis the - |
| oadi ng n&dﬂ?%ﬁpggfg'@é@ W&P‘E’%‘ih%&% Y‘&ﬁ{aa%i n. This can be done by
taki ng an extender NRPS nodul e and renoving the condensation domain or
using an NRPS that is naturally a | oadi ng nodul e -and thus | acks the- '

condensat i[265]. Ry Riake affldgk!tHat hdld MPatiiyadidafiacHedRe ggsiﬁbﬁ o el rom -
saf B, which utilizes alanine and is froma M xanthus. [4661 In

const r uct ithipzhle, daletiomsofepodians thedansertiohaif a NRES saédiilk aselhegiethdutye in.
the place _of epoA, one can determ ne the optimm boundaries for the new

| oadi ng MUREP&edidesanbe used; howreer, te make the mpst consesvative ehangd, onsf t en

critical fop employ an NRPS module to replace epoA that naturally communicates witha ' .

downstream NRPS module. Moreover, because the NRPS replacing epoA is the - .
' loédhg module, it does not need a condensation domain. This can be done by - -
taking an extender NRPS module and removing the condensation domain or using
- an NRPS that is naturally a loading module and thus lacks the condensation
domain. An illustrative NRPS loading module is the one from safB, which utilizes

alanine and is from a M. xanthus.

[466] In constructing M. xanthus strains that contain the safB loading module in
the place of epoA, one can determine the optimum boundaﬁes for the new loading
module and epoB. The linker region between PKS proteins is often critical for
“communication” between those proteins. One can construct three different strains-
to examine the optimum linker. In the first, the ACP domain of EpoA is fused to
the adenylation domain of loading domain of safB. This construct requires that the - |
ACP of EpoA function as a PCP. Although PCP and ACP domains are functionally
similar, they do not show high sequence identity and thus may be restricted on
what they can recognize and bind. The second construct fuses the last several
amino acids of EpoA downstream of the PCP domain of the SafB loading module,
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"communi cati on" between those proteins. One can construct2& QeteberdiOPfter ent .
strains- to examne the optimumlinker. In the first, the ACP donmain of .
EpoA is fused to the adenyl ation domain of |oading domain of safB. This
constructwé&{ﬁ?sp‘és that the ACP of EpoA function as a PCBCTAISSH&IIgh PCP
and ACP domains are functionally simlar, they do not show hi gh sequence
i dentity and thus nay be restricted on what they can recogni ze and bi nd.

The secoRHy il iSRa i q{lpbg,m ' downst ream
of the PCP Eagfr%f nHo%ﬂ{ he SSaf Ihgg(cs'il?rn nncfj(%{%l? 7 %’%@?%g{eord%gg& WO :
01/ 83800 “RGiinhiRAitAteS 207th HpoB. Pirallya fgsivhof theSaBdondingRidul€digERGE the
hybrid | oading nodule to "“communicate" with EpoB. Finally, a fusionh of the

Saf B | oadViliperansiracigd. Becpiee Safp is casapossdof twe sabdiules dtisgpBsible: tostake

conposed af .t nodul es, -it i ssible tq. take al] of the |oading nodul e
of Saf B ANPitheloq githedule of %6%%%2% lﬁaﬁgCéY 0 Epok togBe ailusionhi ch
shoul d oR{, i | : B_| i | e and EpoB. -
[4671 m?gb%@b@{ch&% angi5 ﬁ“@#ﬂ?%ﬁ%%ﬁﬁxﬁ@% (fl%t%}eeﬁ?@e%fn to repl ace
t he 2- rretrﬁadm@ralﬂ’@pémi azol e of epothilone with an am no acid, then changes

can be nade in the new | oading NRPS nodul e so that any amino acid could be
used to start the synthesi's of the epothilone anal ogs. A conprehensive

l'i st of ?géyjnt | al m no acids and their carrespondi ng NRPS nodul es t hat
coul d be d Qrge fiﬂ%%% anyyaetherleading NBESslorgaim hasdbesn uged toaeplacg 468] -
Al of t | acement s .can be made .jn K111-3225, the xant hus strain '
t hat con?@? %’gﬁ?%g?@ﬁ%ﬁﬂ“%@eé’é ﬁgg,&uj&nemﬁ_aﬁ@@ipq ?F%d%ilh ges R Ben

t hat contgidiS; lith & RESPSIEIY ' i.ch. . S not
pr oduce ?@%ﬁat{l‘%ﬁg@@%ro ct, or %@%t?ﬂ%#%{g]o |d(ﬁ)%é&g§§l uciﬁ%éjcgf?ain of

t he i nvestdrbthexsyrithesio bbil@ apvthilehd ahA16peN A kBt dR&RGFeiEst ¢foteRRAIOP 1 ate .-
constructs can be nade on plasniids and, using the gal K and kananycin

sel ect i oamingadidsardeieiieortesponiding NRFS modedes that boulddengidfeoetheseones.
For exampl e, a repl agegen . the NRPS in K111~-401 wth an NRPS specific
for seri A& %&B&Y‘éﬂﬁc@&’g&s?@- @fm‘et hyl - oxazol e - -

[468] All of the replacements can be made in K111-32.25, the M. xanthus strain -

that contains the epothilone genes, or K111-40-1, the M. xanthus strain that contains
the epothilones genes and in which the epoK gene does not produce a functional

- product, or any other epothilone producing strain of the invention or in Sorangiim
cellulosum. In Myxococcus, the appropriate constructs can be made on plasmids - -
and, using the galK and kanamycin selection, used to replace the wild type genes
‘with the engineered ones. For example, a replacement of the NRPS in K111-40-1
‘with an NRPS specific for serine is expected to make the 2-methyl-oxazole
derivative of epothilone D and 2-methyl-oxazole derivative of epothilone C as the

- major and minor products respectively. The structure of these compounds are

‘shown below
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derivative of epothilone D and 2' nethyl-oxazol e deri vat i 2&0cfobepi0Ki | one C
-as the major and m nor products respectively. The structure of these
conmpounds ‘g;@ %Gra%v_\'m bel ow 180 28 Cct ober 2004 WO 01/83800 0 OH O
PCTI USOl / 1%98%38 O [469] Repl acenent of the NRPS in K11P&F/USOHAITR3 an
NRPS specific for threonine is expected to the the follow ng conpounds and
the major and m nor products respectively O -;0P N,,,.OHNO OH O[470]
Repl acenent of the NRPS ip K111-40-1 with an NRPS specific for glycine,
al ani ne, gl utam c acid, | c acid, phenyl al anine, histidine,
I sol euci ne; ugi ne I Uni n, aspar a%_i_{d, gl ugam giyi ne, valine,
and tyrosine 2L, expected 20 noke t eMlng as e nmaj or
~and mnor product¥ “r¢spectiy OHOO O ¥er : fds*to the
specific side chain igQ_t ' id (for exanple, R | I n [t he general
‘am no acid formula NH2 or glycine and is r"al¥ani ne and
so on). 181 28 Cctober @0040W0 o1/ 83800 O OH O

[469] Replacement of the NRPS in K111-40-1 with an NRPS specific for threonine
is expected to the the following compounds and the major and minor products
respectively

o7
_QN P

ey,

[470] Replacement of the NRPS in K111-40-1 with an NRPS specific for glycine,l
alanine, glutamic acid, aspartic acid, phenylalanine, histidine, isoleucine, leucine,
methionine, asparagine, glutamine, arginine, valine, and tyrosine are each

expected to make the following compounds as the major and minor products

. Yespectively
g I R
)kﬂ 7o )LN/‘\) ~OH
H o~ X
O OH O O OH O

where R’ corresponds to the specific side chain in the amino acid (for example, R' is
H in the general amino acid formula NH,-CHR'COOH for glycine and is methyl

for alanine and so on).
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PCTI USO1/ 13793 [471] Repl acenent of the NRPS in K111-40- 12&0tteben2O8RPS
specific for proline is expected to make the foll owi ng conpounds as the,
maj or andg 31 nor products respectively [472] The references cited in this
subsect i ONOQME8Y ol ows. [473] 1 Bel shaw et al. 1999. ARCHGEOVIIBIAs as
probes of condensation domain selectivity in non-ribosomal peptide
synthesis Science. 284:486-9. [474] 2. Challis et al. 2000. Predictive,
structure-based nodel of amino acid recognition by nonribosomal peptide
synt het ase adenyl ati on domains ChemBiol.. 7:211-24. [475] 3. Du et at.
2000. Thd4BbtloReplavemantpfithe BIRRS izv K1bi-49-Aevithiant NRPS specifiic fot peotjed 8 f r om
Streptonyces verticill StAﬁCClSOO?’ supporting functiopal interactions

bet ween r‘?ﬁHF?tB‘§§B ﬁ%kepfg'ﬁt PHeW®mE Compryads an dhamainsand minosprdigte  Chem
Biol. 7: Qg%ﬁe%%\m 476] 4. Konz et al. 1999. How do peptide synthetases
generate structural diversity? ChemBiol. 6:R39-48. [4771 5. Marahiel et
al . 1997. Modul ar peptide synthetases involved in non ribosonmal peptide.
synt hesi s em Rev. 9f;265/1-2673. 182 28 Cctober 2004 WO 01/83800

PCT/ USO / [ 478] 6. . teration of the.
Substrate (et AL i deHsynt h y rlational rmq(]t\;}[_)le swappi ng
Mol . Gen G;”Tlet. 254: 308-13." [4}y9] 7. St “"Modul ar
structure aept i ' { : he :

mul ti functional enzy Bi ol Chem 0: 6163f 9. { 8. Stachel haus
et al. 1999. The spe® fi©H yOconferring code of adenyDkiiOGn donmins in
nonri bosomal peptide synthetases Chem Biol. 6:493-505. [481] 9.;

St achel haus et al. 1995. Rational design of peptide antibiotics by
targeted replacenment of bacterial and fungal domai ns Science. 269:69-72.

[472] The references cited in this subsection are as follows.-
[473] 1 Belshaw et al. 1999. Aminoacyl-CoAs as probes of condensation
domain selectivity in nonribosomal peptide synthesis Science. 284:486-9.

fa74] 2. Challis et al. 2000. Predictive, structure-based model of amino acid

recognition by nonribosomai peptide synthetase adenylation domains Chem Biol.
7:211-24. '

[475] 3.  Duetal. 2000. The biosynthetic gene cluster for the antitumor diug
bleomycin from Streptomyces verticillus ATCC15003 supporting functional -
interactions between nonribosomal peptide synthetases and a polyketide synthase
Chem Biol. 7:623-42.

- [476] 4. Konz et al. 1999. How do peptide synthetases generate structiral
diversity? Chem Biol. 6:R39-48. '

1477] 5. Marahiel et al. 1997. Modular peptide synthetases involved in non-
ribosomal peptide synthesis Chem. Rev. 97:2651-2673.
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EXAMPLE 12 Biological Activity [482] 10, 11-dehydroepot hi2%0etobenzd4

. screened for anticancer activity in four different human tunor cell |ines
usi ng sul forhodami ne B (SRB) assay. 10,11- dehydroepothilone D shows growh
i nhi bi t or WRP¥EE¥ on al | four cell lines with "1C sos rangPREUSPBIBIEE nM t o
40 nM The nechani sm of action was determ ned by a cell-based tubulin

pol yneri zati on assay which reveal ed that the conpound pronotes tubulin

pol ymeri z N6, HUMBBh&eIAeLEE AE1998! t ! lpERE

(breast, F%DI%P SF- 268 (3 i omaa) T&%téd\ﬁ e?urﬁg()ﬁm(g?gég%?%%g fro of

Nat i onal . peptide syhthetasesby. raﬁbﬁahmbﬁslm@pmjgd‘ﬂal Ged Genet. Z5A303218.

hum di fi ed atnosphere at 37 degree in RPM 1640 nmedium (Life Technol ogy)
Suppl emented wi th 10%fet al bovine serum (Hydone) and 2rr1\/| L- gl utam ne.

pesay (STAn7er” oPtachfinatge o 486T RRoaer SREoRrEDS PEphse Yo ch i <
count ESr SR Bl Disdbig bR S %ﬁ%ﬁﬁ%ﬁ’f‘%@éﬂﬁﬁﬁ B owt h
medi um M3F-7, 5000; 183 28 Cctober 2004 WO 01/83800 PCTI US01/ 13793

NCl / ADR- Res, 7500; NCl - H460, 5000; and, SF-268, 7500. The*cells were seeded
at 100 pl/weH in 96-well mcrotiter plates. Tvventy hours |ater, 100 pl. of

i B SR B B S L
acio (T %\a%élal?féé it PP ﬁmﬂlﬁ?&é@%‘f@?@ %#%f 3 SR 156 acet |

acid at roomtenperature for 20 mnutes. The unbound dye was rinsed away
with 1% acetic acid, and the bound SRB was then extracted by 200 pl of 10
MM Tris bi] %he aBtacheltefusteahd995 Rational dedign of pegtiy aobbidtesby whi ch
correlates with the total cellular protein contents. The data were then

anal yzed tABgtedeeplacgment o5 bagtesigh and fwrgal lomains Ssicoge.A69:4%R. Epot hi one D -

that was chem cally synthesized was tested in .

-EXAMPLE 12
Biologicél Activity

[482] 10, 11-dehydroepothilone D was screened for anticancer activity in four
different human tumor cell lines using sulforhodamine B (SRB) assay. 10,11- |

. dehydroepothilone D shows growth inhibitory effect on all four cell lines with
ICs0s ranging from 28 nM to 40 nM. The mechanism of action was determined by a
cell-based tubulin polymerization assay which revealed that the compound

- promotes tubulin polymerization. Human cancer cell lines MCE-7. (breast),

NCI/ ADR-Res (breast, MDR), SF-268 (glioma), NCI-H460 (lung) were obtained -
from National Cancer Institute. The cells were maintained ina 5% CO2-
humidified atmosphere at 37 degree in RPMI 1640 medium (Life Technology)
supplemented with 10% fetal bovine serum (Hyclone) and 2mM L-glutamine.

[483] Cytotoxicity of 10, 11-dehydroepothilone D was determined by SRB assay
(Skehan et al., . Natl. Cancer Inst. 82: 1107-1112 (1990) which is incorporated herein
by reference). Cultured cells were trypsinized, counted and diluted to the

following concentrations per 100 ul with growth medium: MCF-7, 5000;
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paral l el for conparison. [484] For tubulin polynerizati or?&@staher 200%- 7 ‘
cells were grown to confluency in 35 mmculture dishes and treated with 1-

XM of ei r 1--dehydroepothil.one D or epothilone D f 0 r 2
WGyt setushuiath 56

hour s at egree (G arunakakou et al., J. Biol. Chem

(1997); Int. J. Cancer 75: 57-63 (1998) which are incorporated herein by
reference). After washing the cells twice with 2 ml of PBS w thout cal cium
or magndSClipDRABes; &606; NET-#1460s 5000 and 0826 8,11580a (lhearelle wdre t8ededat €S

wi th 300-VI ?f ysis buffer (20 MM Tris, PH 6.8, 1 MMM 2, 2 nM EGTA, 1 %
Triton x1P8ad Wﬁh&% 9Brweld suerqtites plates: shwerrpychous)lat weofdfedl-and t he

| ysates t ferred..to - e es. ~-rhe lysates were then

centri fugdeeg&gfg%%ggoﬁe ij o&a&@%%mﬁhm%@rﬂﬁmﬁ%a@ SRR yper natant -
cont ai ni &ig,hgb‘L, PR WerRd Aflet YA QR i ﬁﬁfg at ed

from pel Pg?s cont gli.ér%i{%%&il)%sol u*éﬁor p%ﬁtlyrrerlog‘)e . ?%/{tlegs é’?‘a‘f@%bul I n

and transiagsy e cells nase fidedsvitH 180 pbbf 0% triehhrid ded (TESASpandgdgoids BP0 Pl

of lysis buffer. Changes in tubulin polynerization in the cell Wwere

det er i nddhyr, andstained witn® 2%obRIEL facetic qaick at robrretarhpsatmtector 20t h

(S oy e i RS it el
: . ; ot
o " Epoudts PHE T ER Ead TN Aol 1ok e DA RAA PR BB Founil G

di f f er entyw i d@Brrhitedy ' i : ' ERe490 (nM
N=3N=2 MCF-721102a8 ng/@jEDgR%l%tllg% %mgﬁ%ggg%g%g}%m&}%%%wf

contents. The data were then analyzed using Kaleida Graph program and the-

1Cso’s calculated. Epothione D that was chemically synthesized was tested in. .

paraliel for comparison.

[484] For tubulin polymerization assay, MCF-7 cells were grown to confluency in
35 mm-culture dishes and treated with 1 M of either 10, 11-dehydroepothilone D
or epothilone D for 0, 1 or 2 hours at 37 degree (Giannakakou et al., J. Biol. Chem. |
271:17118-17125 (1997); Int. J. Cancer 75: 57-63 (1998) which are incorporated herein
by reference). After washing the cells twice with 2 ml of PBS without calcium or
‘magnesium, the cells were lysed at room temperature for 5-10 minates with 300 ul
of lysis buffer (20 mM Tris, PH 6.8, 1 mM MgCls, 2 mM EGTA, 1% Triton X-100,
plus protease inhibitors). The cells were scraped and the lysates transferred to 1.5
ml Eppendof tubes. The lysates were then centrifuged at 18000 g for 12 minutes at )
room temperature. The supernatant containing soluble or unpolymerized
(cytosolic) tubulin were separated from pellets containing insoluble or
polymerized (cytoskeletal) tubulin and transferred to new tubes. The pellets were
then resuspended in 300 1l of lysis buffer. Changes in tubulin polymerization in
the cell were determined by analyzing same volume of aliquots of each sample
with SDS-PAGE, followed by immunoblotting using an anti-tubulin antibody

(Sigma).
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Tubul i n pol yneri zati on assays reveal that 10, 11-dehydr oepdd @ctober2(D4has t he
. sane. nechani sm of action as epothilone D. In MCF-7 cells, 10, 11-

dehydr.oep i D strongly pronoted tubulin polynerization at the ‘
condi ti ong’gwég{ggod, with sinmilar kinetics and effect as ep8FCRUSBHB Ot her
conmpounds of the invention may be tested in a simlar manner by replacing
the conmpound of interest for 10, 11-dehydroepothilone D. EXAMPLE 13

Oxazol e dE485) ailhe eesyfl¢ad]seThial eeperipleatsdraved damt mogul -dbh?@rdép%tﬁﬂ’c&ﬁagl yof
epot hi | ong@cﬁ)rrpounds” produced by host cells usi ngg fermentati on conditions.
By suppl efissiguaiedasi Epetik’) has ah Iesdiadhe sangaof 28 n tsofholvhagainsirfoat | v

r oduced host,cells are dulated in such "a way to favor the
"Eroductio ?@#&W‘&gﬁﬁﬁ@?ﬁarts. For exanple, cells that °

predom nantly produce a conmpound or conpounds of formula V can be 185 28
QOct ober 2004 WD 01/ 83800 PCTIUS01113793 made to favor the production of
oxazol e counterparts correspondi ng twABIEP®Unds of fornmula VI. [4871 In
one enbodi nent, M xanthus strain K111-40-1, a strain that predom nantly
makes epot hi |l ones C amd—PbH-rs—made—to—stgntHeanrty—rerease the production
of epothilones H and Ellidse OXxaZBpdh GMNt €T [Kolso dnyepot hil ones C and D.
Strain K11140-1( PTA 27TZ) Was. depOS[LEd Th the AmerTTan Type Cul ture

Col l ection ("ATCC' ), 10801 Uni versi t«? Bl vd., Mardgsas, VA, 20110-2209 USA
on Novenber 21, 2000. Strain K111-40-1 was grown in nediumthat was either
suppl emented or not supphkepented W tfy,additionalgzgerine. The final
concentrations of the conponents in unsuppl enented nmedi umwere: hydrolyzed
casein (pancreatic. digest, purchased from D fco under the brand nane
Casitone), 5 g/L; MySONY¥B® 2 g/ L™%AD 16, 20 %PL; trace el ements :
solution 4 nL/L; methyl: oleate 7 nml/L; and Hepes buffer, 40 mM (titrated
to a pHof 7.6 with KO*?)PTZGSTrace el &fents sol ut 4o conprises: concentrated .

H2S04, 10 nL/L; Fed 3.6H20, 14.6 ,
NCI-H460 302 341

Tubulin polymerization assays reveal that 10, 11-dehydroepothilone D has the

" same mechanism of action as epothilone D. In MCF-7 cells, 10, 11-
dehydroepothilone D strongly promoted tubulin polymerization at the conditions
tested, with similar kinetics and effect as epothilone D. Other compounds of the
invention may be tested in a similar manner by replacing the compound of iﬁterest '
for 10, 11-dehydroepothilone D. |

EXAMPLE 13

Oxazole derivatives

[486] This example describes modulating the types of epothilone compounds
produced by host cells using fermentation conditions. By supplementing host cells
with excess serine, the compounds normally produced by host cells are modulated
in such a way to favor the production of the oxazole counterparts. For example,

cells that predominantly produce a compound or compounds of formula V can be
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g/L; ZnCl2r 2.0 g/L; MCl2 4H20,1.0 g/L; CuCl2.2H20, O0.42%0DctobétIBOS, 0. 31
g/L; CaCl2.6H20 0.24 g/L; and Na2MbC04. 2H20, 0.24 g/L. The basal Ievel of
serine-was taken as 4.82% w w, the value determned by Difco' amno acid

anal ysi s WP BB particul ar 1ot of Casitone. Consequent|y POIHSOMAZHB serine
concentration was 2.3 nM a value calculated fromthe final concentration
of 5 g/L of Casitone in the nedium Serine supplenented nmedi um contained a

fifty fol | gher ¢ ation .of serine, 117 488],.Cel | s were grown
in fl askﬁ%@égbf 12(559{%19"50 9?‘3'5 ‘Wﬂe’&m&%@%{ SPOBEING ¥ Conpounds
produced By, \%ﬁﬁ\cﬁtdebﬂﬁuﬂ’V[ ng fernentation were extracted.by capturing

t he resin, Ing the resin-once in water, and the extracting the

conmpounds in the resin for 30 mnutes in 20 nmL of nethanol. The sanpl es E
wer e anal yzed on HPLC and by mass spectroscopy. 186 28 Cctober- 2004 WO

01/ 83800 [‘ﬁQﬂmepmmqmm xpnting streiroK 11 hdOclp apsteainl ¢hair oduced by cel |'s

et b AT s o
H . (0.1 duced

LS%??FS%@&%@I‘E%&%@%&%‘%% R Al TR o SBPAIONeRSE a y

the cel | snAmod8aath RIIRID- m\%’%am%ﬁsde géi‘céd {rPthe? Aﬂﬁaﬁm{@m&ﬁ”d D,

(< 50 pg/L). [4901 The con |ncrea I n oxazol e-con ng conmpounds

and t he (ddlecten¢ ATCN), 4080k UnivérsitniBiod ¢ Mpeissas VA, Q01362002 U52e68h Ng
provi des_a vvay to obtain the oxazol e conpounds from host cells that

nor mal | y Neygmaberaile 200@ Siﬂ?ﬁlmafiblﬁeﬂwwgmignmm@mth&kwmﬂmanpl e, the -

reconbi nant _constryct t nak D (as ribed in subpart C .

of Exarrplsg g%m%rgﬁ ) ﬁd“”(ﬁéﬂ&ﬁ‘g‘ ISSFlg‘FOTg'ﬁaﬁmgescri bed above

to make - t

(2- et hyI ﬂ oxazocﬁigc@%1 éc)g%n epo #oﬂlgﬁpl?wegtazn}egl%%ju‘ﬂ%q’ p}g’qm Yozeﬁl 0XO0-

epot hi | opgseih (Sindrbati¢ dig e@i?ﬁrdi@fe@@bﬂ@ifc@%ﬂbfﬂféﬁra@ﬁﬂ&ﬁe@!ﬁ&ﬁ@o s io |
ri

I ncl udi ng those descri bed l e 11 can be grown wth excess s
provi de gHé; MgSO4 YH0,2g/L; XAD—16 20 g/1; trace elements solution 4 mL/L;

methyl oleate 7 ml/1; and Hepes buffer, 40 mM (titrated to a pH of 7.6 with KOH).

Trace elements sqluﬁon comprises: concentrated H;S0;, 10 mL/ [;; FeCly-6H,0, 14.6
8/L; ZnCl,, 2.0 g/L; MnCl-4H,0, 1.0 g/1; CuCly-28,0, 0.42 g/I; HsBOs, 0.31 g/1;
CaCly-6H0, 0.24 g/L; and Na;MoO42H,0, 0.24 g/L. The br;asal level of serine was
‘taken as 4.82% w/w, the value determined by Difco’ amino acid analysis of the
particular lot of Casitone. Consequently, the basal serine concentration was 2.3
mM, a value calculated from the final concentration of 5 g/L of Casitone in the

medium. Serine supplemented medium contained a fifty fold higher concentration-
of serine, 117 mM. |

[488] Cells were grown in flasks at 30 °C for 120 hours on a coffin shaker at 250

rpm. Compounds produced by the strains during fermentation were exiracted by -
capturing the resin, washing the resin once in water, and the extracting the

compounds in the resin for 30 minutes in 20 mL of methanol. The samples were

analyzed on HPLC and by mass spectroscopy.
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correspondi ng oxazol e conpounds. EXAMPLE 14 M crobi al Tr a#s@oetohert2064 of
-C-21. Methyl ty o G 21 Hydroxynethyl [4911 This exanpl e describes the

m crobi al transformation of C21 nethyl to C 21 hydroxynet hyl of conpounds
of formul é’V{’o\%@P% Ar is or N A frozen vial (approximatelyPeT{HSP1/E¥793
Anmycol at a .aut ot rophi ca ATCC 35203 or Actinonyces sp. strain PTA- XXX as
descri bed by PCT Publication No. WO 00/39276 is used to inoculate 1500 i
fl ask contfagai ngnd bURHs j V. ' ' ~of 10 g
of dextros[gs,sgllo g g%%@%%ﬁgct, O&éuof egésl%SS%ex ra%@,(&g%@ﬁ&% of

pept one i rintieass ircderihes lenéls eekubeicbin a JMfold égakadd nethe Wrbhetbs of 87 28 o
Cct ober 2004 WO 01/83800 PCTI USO01/ 13793 incubated for "t hree days at 28C on
‘a rotary Swakkionsidr 112metl)zadl 2 peldineraase invthetproduetiohtdf egothildne i, i

e e e
I | . 0 A ' I

compound SFEPIGHRRURPReARE UMD I, Brodicddl et Rrieciibie,

sol uti on i@anﬁmgbfbp@@ﬂohgsd@,ds[)w %\g/ﬂ_asks. The fl asks are then

returned to the shaker and incubated f an additional 43 hours at 28C and
250 rpm The reaction culture is -then processed to recover 21-hydroxy
counterpar&%(ﬁf he starting_ compound: EXAMPLE 15 Epoxidation using EpoK
[492] Thi $4%adhesonsenyiansinqraesednQrrapleccaeiningeompounds anddheds of

(aesoxy.  8RsEr RRRfolbREnlA05ie Fimp L bt A s eq b s B e sed
(desoxy. - . Vet B . Essed
puri 11 o0 e aacte ORBAIR cORE B oo e RIS BT, Wil ke o

i ncor por atthihzbleremtaibing ebentensets. Ther xeagplepthe reesnbiiant ebnSiPuiitb thike
(pH7.5), 21 pM spinach ferredoxin, 0.132 units of spinach
: 9-ox0 epothilone D (as decribed in subpart C of Example 11) can be grown in

conditions similar to that described above to make 17-des(2-methyl-4-thiazolyl)-17-

(2-methyl-4-oxazolyl)-9-oxo-epothilone D, the oxazole-counterpart to 9-oxo-
‘epothilone D. Similarly, other recombinant constructs of the invention including - - -
- those described by Example 11 can be grown with excess serine to provide the _

corresponding oxazole compounds.

EXAMPLE14 |
Microbial Transformation of C-21 Methyl to C-21 Hydroxymethyl
[491] This example describes the microbial transformation of c-21 methyl to C-21

hydroxymethyl of compounds of formula I where Ar is
S SR o I
<1,
N s or N S

A frozen vial (approximately 2 ml) of Amycolata autotrophica ATCC 35203 or

Actinomyces sp. strain PTA-XXX as described by PCT Publication No. WO

00/39276 is used to inoculate 1 500 ml flask containing 100 mL of medium. The

vegetative medium consists of 10 g of dextrose, 10 g of malt extract, 10 g of yeast

extract, and 1 g of peptone in liter of deionized water. The vegetative culture is
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ferredoxi n: NADP+ oxi doreductase, 0.8 units of gl ucose- 6-2hQsiphert2604 ,
dehydr ogenase, 1. 4 mM NADP, and*7.1 nM gl ucose- 6- phosphate, 100 Mor 200. M
desoxy congound of the present invention, and .1.7 p Mamno termnal

“histi di MOPKEHY EpoK or 1.6 -pM carboxy terninal histi dPRIHSIYLEE EpoK i n
a 1000 L volunme. The reactions are incubated at 30C for 67 m nutes and

st opped by, heating at 90C for 2 mnutes. The insoluble material is

Gasirod prouthRl fir i OV o C R AR R R S BN oI bl

PCTI USO 1ot 8HOreshMPEEnLE is @ﬁdﬁdcta leadlp 0£isiBt-tv00 5O 93, fAkScontaiphe the
descri bes the chem cal epoxidation of a conpound of fornula | where RS and
Rl O t ogetransidroration medbum whichas the saine commbsitiens ax thecvegedabie metdinme

;3325;&?%@%%”%%&@%@%&% 8108 580 BB A diasios et ’t.lzm”?isos ).
Ih(r;ur a% ﬂ{%egrﬂ%ggnfotﬁ%é?g%})%{}on O%dérneﬁgﬁ%l ox%g}?zaggﬁg?%qﬁ pl%rt)olrs

added a”ﬂﬁtﬁ%uté&%e%ﬂy%ﬂhﬂ&“ %é%kgar@&%fe@&ﬁ{ed%&hmﬂa@ adnc’éo oC..

The reaction is then ed under a streamof N2 at -50 C. The product is
puri fi edityubalted for axtadditiongt 4phyusatIZ02 antRENRPM.1The reaction culture is ‘
(3S,6R 7S, 8R, 12R, 13S, 15S, | bE) - . 5-ami no- 3, 7_cl i hydr oxy- 59- di oxo- 1213=epoxy
4 4 6 8 then pronssseskiarecaver Zi-hydroxyrdouaterpant of the siartingicasepenelic. acid
HO2C [494] Step 1. 9-oxoepothilone B. A solution of dinethyldioxirane (0.1
Min acetone, 17 nL) is added dropwi se to a solution of 9-oxoepothilone D

(505 ng) in 10 nL of CH202 at -78 1% xture is warmed to -50 CC,
kept for | hour, and then another pu: tronof di methyl di oxirane solution (5
m.) is added and the ‘ Epoxidation using EpoK

[492] This example describes the enzymatic epoxidation of compounds of
-formuia I where R® and R together form a carbon carbon double bond (desoxy'.
compounds of the invention). The epoK gene product was expressed in E. colias a
fusion protein with a polyhistidine tag (his tag) and purified as described by PCT:
publication, WO 00/31247 which is incorporated herein by reference. The reaction
consists of 50 mM Tris (pF7.5), 21 uM spinach ferredoxin, 0.132 units of spinach

ferredoxin: NADP" oxidoreductase, 0.8 units of glucose-6-phosphate
dehydrogenase, 1.4 mM NADP, and 7.1 mM glucose—é—phosphate, 100 uM or 200
uM desoxy compound of the present invention, and 1.7 M amino terminal
histidine tagged EpoK or 1.6 uM carboxy terminal histidine tagged EpoK in a 100
L volume. The reactions are incubated at 30°C for 67 minutes and stopped by
heating at 90°C for 2 minutes. The insoluble material is removed by
cenmfugatlon, and 50 pL of the supematant containing the desired product is
analyzed by LC/MS.
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reaction is continued for an additional 1.5 hour at -50 0¥ Odthberr2884tion is
then dried under a streamof N2 at -50 C. The product is purified by flash
chromat ography on Si0z. . 189 28 COctober 2004 WO 01/83800 PCTI US01/ 13793
[495] St eﬁ” 01/83800- PCT/US01/13793
(3S,6R 7S, 8R, 12R, 13S, 15S, 16E) - 15- azi do- 3, 7- di hydr oxy- 5, 9- di oxo-

12, 13- epoxy-4, 4,6, 8, 12, 16- hexanet hyl

17- (2- met'hyl t hi azol - 4-yl ) - 16- hept adggangiPLE 18ci d. A sol ution of 9- oxoepot
alone B (2.62 g) and sodium azide (049 g) rn 55 nL of degassed

t et rahydrof uran/wat er (10: 1 v/ v)Chemica Bpexsiidaition ' :

tetrakis( I ne) pal |

riphenyl phosp ) dium (0.58 g)_ under an argon _at nosphere.
“The i xt fﬁéﬁ. ﬁ%@fﬂ%}?ﬂwsmb%ﬁ&f Qhﬁﬂﬂ?ﬂﬁ@éﬁidﬂﬂm@cﬂ eemposnd of famulat er
and extragtgd =t N | acetate. The extract .i s she ith brine, dried .
over Nawso¥ e s aRadet Yop BREL £56 o FIBoRiRERT dalbl i pre fompornion
chr onmat ogr, iRRn . A-sol P . .
(3S, 6R 78,03%@{2R, 1?‘%’,{,%)%51131,5‘1)6{&%5-5[1g o ittty Wigudzane (.1 M in.acetone, 17 mL) is

12, 13- epoxyldéd4rbpBriseltolbsdlakanet h)desoﬂ;ﬁ céﬁnpﬁiﬁhh&ﬂftthé dERItbA (Bﬂflﬁlg)‘%ﬁt adece
noic acid. A solution of ; '

(3S, 6R, 7S18mh 2RCIBST 8IS 7866, - Tils: mixtuwe 35 Wadinksl do o%§ °G, kept for 1 hour, and

L B i B s R KRG/ 3
T
product i gripdiddedth dtveanh bRRY o€ L5@5@! %@%B&u@ﬂ"ﬁs?)}%ﬁe%ﬁ 18RS RIS

9R 13R 14S 160:43 14-? o0 -4 8-dih dro -27610-tri

pent amet hyhrdBaiorgphyreni®0s.hi azol - -yl ) propen-2-y_1) ‘ .
1-aza- 11- cydohexacl ecene. 0 OH O [497] A solution of

(3S,6R, 7S, 8R 12R, 13S, 15S, 16E) - 15--am no- 3, 7 di hydr oxy 5; 9-

di oxo- 12, 13- epoxy- 4, 4, 6, 8, 12, 16- hex ~(2-met hyl t hi azol - 4-yl ) - 16- -
hept adecenoi ¢ acid (540 ng) in acet I met hyl f ormam de (20:1 v/v,
150 (35,6R.7S5,8R,12R,135,155,16F)-15-amino-3,7-dihydroxy-59-dioxo-12,13-epoxy-

- 44,6,812,16-hexamethyl-17-(2-methylthiazol-4-y1)-16-heptadecenoic acid

[494] Step 1. 9-oxoepothilone B. A solution of dimethyldioxirane (0.1 Min

| acetone, 17 mL} is added dropwise to a solution of 9-oxoepothilone D (505 mg) in
10mL of CHCly at =78 °C. The mixture is warmed to -50 °C, kept for 1 hoﬁr, and
then another portion of dimethyldioxirane solution (5 mL) is added and the
reaction is continued for an additional 1.5 hour at -50°C. The reaction is then
dried under a stream of Nz at 50 °C. The product is purified by flash
chromatography on S5iCz. N '
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190 28 Cctober 2004 WO 01/83800 PCTI US01/ 13793 nL) is cool&OctobefR0d& and
treated sequentially with 1-hydroxybenzotriazole (0.135 g¢g) and \

1-(3-di | nopr opyl ) - 3- et hyl carbodi i m de hydrochloride (0.5 . The

mi xt ur e%g&y%@ to ambi ent tenperature and kept for' 12 I’?SG&L‘?‘"’E%%
diluted with water and extracted with ethyl acetate. The extract is washed
sequentially wth water, sat. NaHCO3, and brine, then dried over Na2SO44

filtered[435]d St aqes,mens,sﬂnems@msn@15@:&1&@@517-&@*&6 FYLEQSRS-0gr aphy
on Si 2. EXAWPLE 19 (45, 7R $S 9R 13Z, 16S) -4, S- di hydxoXY- 2, 6, {0-trioxo-5,5,7

9, 3 pentidd3eaprixy¥4,6,8,1216-hexamethyi-3742imethylthiar.obd-g1)-16-Heptadddenoic ,
cl ohexadecene 0 Of O [498] A solution of tungsten hexachioride (0.76 g) in
‘tetrahyd ran- (20 m.) at -- 78 OCis treated with a 1.6 Msolution of n *

o R A Byl i B PSSR,
8%?%&??5%%%? et Ry ot dxaﬁ%?ﬁ%g@ %}S%a,t%g{?‘t’l;&?bxo- 55 7,9, 13-

pent anet h@&ahiﬁ(ﬁi@héﬂyhpﬂhb@hﬁxh)pﬂhﬂiﬂn}(ﬂﬁﬁ@pﬁfﬂe&anargon atmos?he're. The -:
yl)-1-aza-11-cycl ohexadecene (360 ng) in mL_of tetrahydrofuran at
anbi ent - Meirpaeds kept atdx % fordchenm thandilutedegithiSOrmLoofovaties dntdexéracdand

ext ract i 4R piFSAREREE: Mieothat svartedititbinerigbarsr NojiOy Gliemedand. -
26 ot ob a5yt d ThssBolelis SRR A%t SRR B S 3x "0R 13R 14
16 . -1314-e 0 -4 dro 2 610-trioxo-1 5 7 913- hexamethYl-1.b-(1-(2_

met hyl t hi azol --4--yl ) propen-2-yl)1-aza-1lii..cycl ohexadecene.
[496] Step 3. (35,6R,75,8R,12R,135,155,16E)-15-amino-3,7-dihydroxy-5,9-dioxo-

12,13—epoxy-4,4,6,8,12,16-hexameﬂ1y1—17—(2-methy1thiazoi—4~y1)-16-heptadecen_oi(_:
acid. A solutibn of (35,6R,7S,8R,12R,135,15 S,16E)-15-azido-3,7-dihydroxy-5,9-
diox0-12,13-epoxy-4,4,6,8,12,16-hexamethyl-17-(2-methylthiazol-4-y1)-16-. -
heptadecenoic acid (565 mg) in 15 mL of THF/water (10:1 v/v) is treated with a 1.0
M solution of trimethylphosphine in toluene (3 mL) under argon for 2 houss at
ambient temperature. The mixture is concentrated, and the product is purified bf
flash chromatography on SiO».

EXAMPLE 18 |
(4S,7R,85,9R 18R 145,165)-13,14-epoxy-4,8-dihydroxy-2.6,10-trioxo-5,5,7.9,13-
pentamethyl-16-(1-(2-methylthiazol-4-yl)propen-2-y1)-1-aza-11-cyclohéxadecene.

O OH O

[497] A solution of (35,6R,75,8R,12R,135,155,16E)-15-amino-3,7-dihydroxy-5,9-
diox0-12,13-epoxy-4,4,6,8,12,16-hexamethyl-17-(2-methylthiazol-4-y1)-16-

heptadecenocic acid (540 mg) in acetonitrile/ dimethylformamide (20:1 v/v, 150
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0 OH O [499] Step 1. (3S,6R 7S, 8R, 12R, 13S, 15S, 16E) 28 October 2004
. 3, 7-di hy. . droxy-5, 9-di oxo- 12, 13- epoxy- 4,4, 6, 8, 12, 16- hexanet hyl

15- (nethylantn%g-17 (2 nethylthlazol 4-yl)-16- heptadecen0|c acid. A
sol uti on OYOPKE8HR 7S 8R 12R 13S, 15S, 16E) - 15- ami no- 3, 7 PCT/USO01/13793
di hydr oxy- 5, 9 di oxo-12, 13- epoxy-4, 4,6, 8,12, 16- hexanet hyl 17
(2-met hyl t hi azol - 4= yI)--lG-heptadecenoic acid (540 ng) in 10 nL of

10) and SOt RONRQ W i e ReEpe Ry WAL 1 i EIE (0 07T
treated wig) andN-BQintdthplaahinepeshyl)-BlethylebfhodinkitledtRirdRHI OMRI0.5 gY)eThe

aqueous phase is extract ed vmth ethyl acetate, and't'he organic pfiases are
conbi ned, maihang is wernsbioemb Enttwnp@atmmd/mptrfar 22 hofibs; them diuedd i s -

{45, b e Rt S SR8 TR o 5. ik bty
e Sh s AT %ﬂﬁaﬁ@%}géﬂﬂ%@%@%%‘é@ét@%ﬁ%@% o BeE

3, 7- di hy deoapoRn&d. ’ﬂh@iﬁﬁbdﬁcﬁ@?ﬁﬂﬂé&bﬂr fash Srdma hggfiagmg
15- (et hyl am no) - 17 (2- nmethylthiazol “4-yl)-16-he enor ¢ -aci d (554 ng)
in acetonitrile/d nmethyl formam de (20:1 v/v,150.nL) is cooled to 0O OCC and
treated sequentially with 1-hydrox benzot ri azol e (0.135 g) and 1-(3-

di met hyl ani nopr opy! ) - 3- et hyl car bodlwochl oride (0.5 g). The mixture
is warnmed, -,-- epperature and kept for jours, then djluyted with
wat er and ljtq' 5 5 ..m.' HIOX VS, el Drir1ox 00! .A! PRIVl bed g | y
with water, 192 28_ 2 NaHCO3, and
brine, then dri ed 4 4 o S product is
purified by flash chromat ography on Si 02 EXAMPLE 21 (4S, 7R SS

9,13Z,16S) -4, 8-di _hydroxy-2,6, 1§-_ t~riox - 9, 13- hexanet hyl | .
16..((1_( .. nmeth Ithiazol -4—<1 | o/ n 1-pza-11- cl ohexadecene
- N _

G OH O
[498] A solution of ttmgsten .ltexac}ﬂoride (0.76 g) in tetrahydrofm:an (20 mlL) at -
78 °C s treated with a 1.6 M solution of n-butyllithium in hexane (2.5 inL). The -

mixture is allowed to warm to ambient temperature over 20 minutes. A 13.8 mL
portion of the resulting green solution is added to a solution of
(45,7R,85,9R,13R,145,165)-4,8-dihydroxy-13,14-epoxy-2,6,10-trioxo-5,5,7,9,13-
pentamethyl-16-(1- (2-methy1thjazol-4~yl)propen-2-yl)—1—aza-1l—cyclohexadecene
(360 mg) in 2 mL of tetrahydrofuran at ambient temperature. After 30 min, the
reactior is cooled to 0 °C and treated with sat. NaHCOs (10 mL). The Imxtm'e is -
diluted with water and extracted with CHxCla. ‘The extract is dried over Naz504,
filtered, and evaporated. ;Ihe product is purified by flash chromatography on
Si0s.
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O OH 0 [5011 A solution of tungsten hexachloride (0.76 g)28 @ctober 2004
tetrahydrofuran (20 nL) at 78 Cis treated with a 1.6 M solution of n
butyllithiumin hexane (2.5 nL). The mxture is allowed to warmto anbient
t enper at W@ OYHBP0 20 ninutes. A 13.8 nL portion of the reFSHYHNYIFaen
solution is added to a solution of

(4S, 7R, 8S, 9R, 13R, 14S, 16S) - 13, 14- epoxy- 4, 8- di hydroxy-2, 6, 10-trioxo
1,5,5,7,9, 13- hexanethyl-l6-(1-(2-§§ggﬁg¥£$§fol-4-y|)propen
2-yl)-1-aza-11-. cycl ohexadecene ( rm 2 nmL of tetrahydrofuran at

anbi ent t e(qLTRBIIR, 13K, 143,165)-18, T-epdrey-4 Badibly/idRoxy-2 e heskd-0.58, 105 1and
treated with sat. NaHCO3 (10 ni). e mxture-1s diluted wth water and
ext r act ed liamathplEl® (1-(hmathylthiazol-4-vilpiregem 2ev])-Me@ac Ui -cydlohexerdedenand
evaporated. The product is purif ied by flash chromatography on Si02.
EXAMPLE 22 Li osomal C position [5021 Thi ¢ exanpl e describes |iposonal
conposi tions containing 9-ox%% epothilo | Xt e of |ipids and

9- oxo- epot hil one D are diss i ng et hihol e solution is dried as a
thin filmby rotation under ? éﬁﬁggngre sure. ultant lipid filmis
hydrated by addition of the BHued®s piase and «heyphrticle size of the

epot hi |l one-derivative containing || ' '
28 COct ober 2004 WO 01183800 PCT1USD11

particle dianmeter is less than 10 mcr
about 4 mcrons. The particle size may.

. ef erably, the nean
ably fromabout 0.5 to
ced to the desired |evel,

for exanple, b u'si'ng mlls (e.g., ai rléet mll, ball mlF, or vibrator

mily,  Hosterl oiboR, nERIBRAASHAR 1GE)- 3 7edibydir ospbiDetioxniigildpepmeur e
romoger 2oL g1 eIt AL LR R oo e el Tl oDy
T N b e R Ko SEO GRS P BOTEElSAT e
conpound diBly@bx§,9-dioxo-12,13-epoxy-4,4,6,8,12,16-hexamethyl-17-(2-methylthiazol4- :
yl)-16-heptadecenoic acid (540 mg) in 10 mL of methanol is treated with 37%
aqueous formaldehyde (1 mL), acetic acid (25 uL), and sodium cyanoborohydride .
(100 mg). After 1 hour, then mixture is treated with TN HCT then diluted with:
efhyl acetate and water. The aqueous phase is extracted with ethyl acetate, and the
organic phases are cﬁmbined, dried over NazSOy, filtered, and e\‘raporated. The

product is purified by flash chromatography on SiOa. ‘

| [500] Step 2. (45, 7R,SS,9R,13R,145,16S)-13,14-epoxy-4,8—djhydf6xy;2,6,10-trioxo-
15,5,7,9,13-hexamethyl-16-(1-(2-methylthiazol-4-yljpropen-2-y1)-1-aza-11-
cyclohexadecene. A solution of (35,6R,75,8R, 12R, 135,155, 16E)- 3,7-dihydroxy-5,9-

" dioxo-12,13-epoxy-4,4,6,8,12,16-hexamethyl-15-(methylamino)-17-(2-
niéﬂ13é1ﬂﬁézol4—yl)-16-heptadecenoic acid (554 mg) in | - o
acetonitrile/ dimethylformamide (20:1 v/v, 150 mL) is cooled to 0 °C and treatéd
sequentially with 1-hydroxybenzotriazole (0.135 g) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.5 g). The mixture is
warmed to ambient temperature and kept for 12 hours, then diluted with water

and exiracted with ethyl acetate. The extract is washed sequentially with water,
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phosphat i dyl chol i ne (16.25 ng); chol esterol (3.75 nmy); pdi8@ctakerefegl ycol
: deri vati zed di stearyl phosphati dyl et hanol ani ne (5.00 ng); |actose (80.00

cit (4.20 ng); tartaric acid (6.00 ng); NaOH (5,44 © wat er
(up to 1 5?@01%3?&" anot her enbodi ment, the | i posor nal corrpogéT"iUéwngggﬁ)ri ses:
an inventive conpound (1.00 ng); phosphatldylchollne (19.80 ny);
cholesterol (3.75 ng); distearyl phosphatidylcholine (1.45 ng); |actose
(80. 00 nykat. BiAHC %ﬁidjblﬁﬂe,aﬁeﬂ% t 2 6 lé@al*f-f. 44
ng); water (up toge' In yet aﬁ(glt%‘ge;rﬁéedr?%dlﬁlrtrgr?? a{tqﬁe%%%so e
conposi t i prodwertfis paﬂﬁeddny flastedtrowemtographiyneh $10:00 ng) ;-
1-pal mtoyl -2-ol eyl -sn gl ycero-33-phosphocholine (17.50 ng); 1-pal mtoyl -
ol eyl -sn-gl ycer o- 3- phosphogl ycerol, Na (7.50 ng); ‘lactose (80.ng); citri c
acid (4.20 ny); tartaric acid (6. ) (5.44 ng); water (up to 1
nm). Liposonal conpositions cont awconpounds of the present
inventi on (a4 eR a8 ’ {802 S
EXAMPLE 2 PO YT O Y
preparation of a pﬁlethglthia&asl-@\ﬂjmdgéh%aj{@gxaza-1ﬂ]g@@h%aebéﬁé)ne- D
conjugate. Poly(.-glutamc acid) (" sodi um sa , Sigma, 0.35

g) is dissolved in water. The pH of the qyeous solution is adjusted to 2

using 0.2 MHQ The precipitat colle yzed against distilled
water, and |yophilized to yi+& d{29]g o -a_solution of PG (75 ng,
repeati ng unit FW170, 0.44 rrm:’ﬂ T N i s added 20 ngy of

21- hydr oxy- 9- oxo- 194 28 Cct ober 2004 0 PCT/ US01/-13793 epot hi |l one
D, 15 ng of dicycl ohexyl carbodiim de ( _ a‘trace anmount of
di met hyl ami nopyri dine. The reaction is &1 o@id Qo pr oceed at room

Eﬁ?‘élﬁéﬁéé [y & ol lion P2 in HF ”%%c&ﬂ%nﬁ&cﬁ%%%zﬁfﬁ EICRYORSR URLNat The.
ot oxi el o1y bECRg PR ATEE MR El -epof’%ﬁ%‘%éﬁ%&

Changi ng hﬁﬂhm&ugﬂowaﬂ&@vﬁrmwmﬁet&témmoverZOnunutes A138mL

portion of the resulting green solution is added to a solution of
(45,7R,8S,9R,13R,145,1 65)—13,14—epoxy—4,8-dihydroxy—2,6,'104triox0-1 ,5,5,7,9,13—
hexamethyl-16-(1-(2-methylthiazol-4-yl)propen-2-yl)-1-aza-11-cyclohexadecene -
(370 mg) in 2 mL of tetrahydrofuran at ambient temperature. After 30 min, the
reaction is cooled to 0 °C and treated with sat. NaHCOs (10 mL). The mixture is
diluted with water and extracted with CHxCls. The extract is dried over NazSQq,
filtered, and evaporated. The product is punfxed by flash chromatography on
S5i0..

Liposomal Composition

[602] This example describes liposomal compositions containing 9-oxo
epothilone. A mixture of lipids and 9-oxo-epothilone D are dissolved in ethanol
and the solution is dried as a thin film by rotation under reduced pressure, The
resultant lipid film is hydrated by addition of the aqueous phase and the particle

size of the epothilone-derivative containihg liposomes is adjusted to the desired
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to PGin the starting materials results in polymeric conjifjatteberdf00¢ari ous
ations of 21-hydroxyl-10, 11-dehydroepothilone D. Conjugates of.

(of of the present invention are prepared usi ndi tions
9@8@%%@“ descri bed above. EXAVPLE 24 Intravenou!’%&{}%ﬁm‘gﬁ%n 1504]
This exanpl e describes an intravenous fornuation of 9--oxo-epothilone D

concentr
ot her
simlar

The formul ation contains 10 ng/ nL of 9-oxo-epothilone Din a vehicle

REing S OPpiéabI}, $HE ntHaGer i cROHn @SS I3 thish 10 MEr R H et . The .

cont ai ni-
vehicl e

ten m nu
and m Xi
alL vo
five mn
vol une |
filtered
sol ution
peri st al
vials ar
ng/ L of
solutlon
2004 WO
sets.

de5|red
fold in
" concentr

gl ycol ,

is “prepared by measuri ng et hanol (591.8 g) to a bea er cont ai ni ng
a stir bdromadouh.5 tGrabombdmaicréhs. (Bispértiyle smetxtayb@teduced tathe desirard for

tes; and then, . addi ng propyl ene gl y.co aﬂf466 2 g%) to the sol ution
dey alofior gxample, byelhsm e(gg Qllb}% @ Dbgatogmilly, added t o
Iunetrlcféa%% conta 00. rrLof t he vehjcle and m xed for
REoPTRFipiatDg, SRRy, HPB T higlpresspre emaeaeaﬂpﬁe

e e %ﬁeﬁgg&mﬂm i A

suSpetgach bOHRSIGRS So@@és] ﬂhrbugh aSefits benénmraﬁeegég \pbRgafbdier ed

vol une of 5.15 nL/via The filled

t|c unp to a targeted fil

e‘nemzrgchs)ihevmgﬂ sRbeed dundfodroponersice. In[(ﬁ%ﬁ}mlfbdlmemﬂ, theont ai ni ng 10-

9 oxo-epothilone Dis. diluted in normal saline or 5 % dextrose
E@iﬁﬁmw N femBrises: AR ARKER{HE Comp m@&%mg) 195 28 October

0 G AR T3 S Yo P75 RS BEORAAin ot rat Ton

WReRratized Fdbaryl gﬂpggﬂmﬂbﬂeﬂfolaﬂ,ﬂe g‘&%fﬁl*ggflé&ar%é @p%o']#{gfd twenty

nf usi on

sterile saline to 1 ntravenous 1 nfus I na

aftriemcids (4R0ig)iartariofacid 6.00 mpdy IO (Sappaig) twhtdr(upromnkne
-1111 ai?ot%hgrgoﬁggﬂneilf m%r}fpozsomalocomposmon comprises: an inventive - |
compound (1.00 mg); phosphatidylcholine (19.80 mg); cholesterol (3.75 mg); -
disteeryl phosphatidylcholine (1.45 mg); lactose (80.00 mg); citric acid (4.20 mg);
tartaric acid (6.00 mg); NaOH (5.44 mg); water (up to 1 mL). In yetanother
embodiment, the liposomal composition comprises: an inventive compound (1.00
mg); 1-palmitoyl-2-oleyl-sn-glycero-3-phosphocholine (17.50 mg); 1-palmitoyl-2-
oleyl-sn-glycero-3-phosphoglycerol, Na (7.50 mg); lactose (80.mg); citric acid 4.20
mg); tartaric acid (6.00 mg); NaOH (5.44 mg); water (up to 1 mL). Liposomal
compositions containing other compounds of the present invention are prepared -

using conditions similar to those described above.

EXAMPLE 23
Polyglutamic acid Conjugate

[503] This example describes the p:epaiation of a poly-glutamic acid-21-hydroxy-

‘9-oxo-epothilone D conjugate. Poly(1-glutamic acid) (”P_G”' ) sodium salt (MW 34

K, Sigma, 0.35 g) is dissolved in water. The pH of the queous solution is adjusted
to 2 using 0.2 M HCL. The precipitate is collected, dialyzed against distilled water,
and lyophilized to yile 0.29 g of PG. To a solution of PG (75 mg, repeating unit FW
170, 0.44 mmol) in dry DMF (1.5 mL) is added 20 mg of 21-hydroxy-9-oxo- |
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et hanol which is infused over a one to six hour period to2&i@kicker200ie

desi red dose. 1507] Intravenous fornul ati ons containi ng other conpounds of
t he prese ' tion may be prepared and used in a simlar_nanner.
EXALYW.E %oob?ﬁe/aweat ment for Cremp hoi) Toxici [5081 Thi sPEXAISHY L3793
describes a pretreatenment reginment for for Crenophor(r) toxicity.

Formul ati ons of a conpound of the invention that includes Chenophox(r)- may
cause tOX'ieﬁJoH)ﬁ' lord B?‘iSﬁ-%éfdi Qbh&AIERBbdWhIi8 b :

prevent anaphylaxis. A su%abl%&:orticoste?ﬁ??o?ﬁggéb%%%t#gﬁ&éé&

cor ti cost elinmethylatdinbpyridiriea Fhei rehstiaod dlowd anpaeesd st fodMiePetiftde | N
one enbodi nent, a subject is 'prenedicated with an oral dose of 50 ng of

“di pheny! hyer furhouws er zogl eted amindidated hynihin tayrer ghiematagraphypt FThat
with the inventive conpound i.n a e hor (r) containing formuJation. In
anot her emEETFRRDNIFS 5 RAfFRdptq ‘sl%ﬁ?r}gﬁ%(ﬁ“@a%‘@&ewmﬁgﬁeﬂmﬁaﬁﬂénous :
adm ni strat. f : e h r_prior to
freat nont il Eefad i il o SRAANE RN o Bl BN i S i
for mul at i Gnexd-Bpath@oReD estaghie Th Sbivetdhiirtio Bf FRAHRAL R M an -
I nt ravenous a(%zl.?npni stratig(?\ﬂqo 50 ng O I phen h;drgm' ne, 300&%%1?:{& ,
chnet i di néo&kdirethersjantingdaatarkddwesalte impolymeric corgupales of @uriopsi or t o
treatment with the inventive conmpound_in a Crenophor(r) containing

for mul at i GANCeniFations ofrdriedroxldll iedehydipepoihiiigne b Conjugates efthes 't aken
I nto accouynt_and fh subject.is pretreated w,th,an admi.ni stragi on of -
di pheny| ny QPERTsEE the Prtgeat inyebiofi 425 GrPimmad oo tions planiqfhose
dexanet hagRB& kel JBHD, 1. m) at least one .half 196 28 Cctober 2004 WO

01/ 83800 PCT/ US01/ 13793 hour prior to the treatnent with the inventive.
conpound in a Crenophor(r) <containing formulation. [5091 Al scientific
and patent publications referenced herein are hereby  incorporated by

reference. The invention havi ng nowEK&MPHEDds i bed by way of witten

description and exanpl e, those ﬁ]:tréswgnlolus. ontnh ai%ilt- will recognize that the

[504] This example describes an intravenous formuation of 9-oxo-epothilone D. :
The formulation contains 10 mg/mL of 9-oxo-epothilone D in a vehicle conteiilﬁng
30% propylene glycol, 20% Creomophor EL, and 50% ethanol. The vehicleis
prepared by measuring ethanol (591.8 g) to a beaker containing a stir bar; adding
‘Creomophor EL (315.0 g) to the solution and mixing for ten minutes; and then' -
adding propylene glycol (466.2 g) to the solution and mixing for another ten
minutes, 9-oxo-epothilone D (1 g) is added to a 1 L volumetric flask containing: -
400-600 mL of the vehicle and mixed for five minutes, After 10, 11-
dehydroepothilone D is in solution, the volume is brought to 1 L; allowed to mlx
for another ten minutes; and filtered through a 0.22 pm Millipore Millipak filter. -
The resulting solution is used to aseptically fill sterile 5 ml. vials using a metéred
peristaltic pump to a targeted fill volume of 5.15 mL/vial. The filled vials are
immediately stoppered and crimped.

[505] The vial containing 10 mg/mL of 9-oxo-epothilone D is diluted in normal
saline or 5% dextrose solution for administration to patients and administered in
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i nvention can be practiced in a variety of enbodi ments, tkaOctoher Z08degoi ng
description and exanple is for purposes of illustration and not
limtation-of the following clains. 197 . 28 Oct ober 2004 WD 01/ 83800

O ai s POYPOEEBPY 3703 1. A reconbinant host cell of the sBSFrERI13793

Cyst obact eraneae containing a reconbi nant expression vector that encodes a
het er ol ogous pol yketi de synthase (PKS) gene and produces a pol yketi de

synt hesi zed. - S 1\ . . . d tor. 2. -The host cell of
Jaimi VS nbh DA s ea i iarion $50 T8 Ruffioctin el Wer A ot

dai ml ihrlttolst BOhLHERH] t6 aplivaeheaiBsiréd Qosbobact eraceae. 4. The host cel |
of laim2 that is selected froma genus selected fromthe group consisting
of Angi ococcus, Myxococcus, and Coral |l ococcus. 5. The host cell of Cdaim3 »

that is selected froma_genus _selected fromthe group consisting of

Cyst obact@fel Wmioneeanpdiment; thefarmulationsisdlihpted itwrgtifald dn stewde kaline cel |
O ai m 5 S Ak Ep R BT Rh: 1be SRl SLes o AreeRaatn ISP 8 EL e theor
g2 ! et g Y
futvus. (ot SFhB6LAS, 1 SABOMNAHYR AT PrbiboBhol L, BRA 4 b M ¢

sel ect ed etliao] igicH i9HFuSADSV &t A Bfie 6 si% howRREI0Y torddlivr th HagkédaBse. 10-
The host cell of Cdaim8 that is Myxococcus "xanthus. 11. A nethod for

produci ng a pol yketide in a host cell of the stuborder Cystobacteraneae,

whi ch pol tide is not naaﬂrally produced .in said host cell, said 198 28
Oct ober :[%@ﬁ Intravenous formulations containing other compounds of the present - :

invention may be prepared and used in a similar manner.

EXAMPLE 25
Pretreatment for Cremophor® Toxicity

[508] ' This example describes a pretreatement regiment for for Cremophor®
toxicity. Formulations of a compound of the invé;ntion that includes Cremophor®
may cause toxicity in patients. Pretreatment with steroids can be used to preven£

- anaphylaxis. Any suitable corticosterioid or combination of corticosteroid with Hy
antagonists and/ or Hz antagonists may be used. In one embodiment, a subject is
premedicated with an oral dose of 50 mg of diphenylhydramine and 300 mg of -
cimetidine one hour prior to treatment with the inventive compound in a '
Cremophor® containing formulation. In another embodiment, the subjectis -
premedicated with an intravenous administration of 20 mg of dexamethasone at
least one half hour prior to treatment with the inventive compound in a
Cremophor® containing formulation. In another embodiment, the subject is -
premedicated with an intravenous administration of 50 mg of diphenylhydramine,
300 mg of cimetidine and 20 mg of dexamethasone at least one half hour prior to
treatment with the inventive compound in a Cremophor® containing formulation.
In yet another embodiment, the weight of the subject is taken into account and the
subject is pretreated with an administration of diphenylhydramine (5 mg/kg, i.v.);
cimetidine (5 mg/kg, i.v).; and dexamethasone (1 mg/kg, i.m.) at least one half
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WO 01/ 83800 PCTI CUS01113793 net hod conprising cul turing aZhEstober2(04of
-Claim 1l under conditions such that a PKS gene encoded on the vector is
expressed_and said pol yketide is produced. 12. The reconbi nant host cell of
Caim1l t ¥ %¥F8Wuces epothilone or an epothilone derivat PGEUSEHI39Ne host
cell of Caim10 that produces epothilone or an epothilone derivative. 14.
The host cell of Caim13 that produces epothilones A, B, C, and D. 15.
The host @l ﬁa&a&é&nﬁ&&%&%&mmﬁmﬁ@m@?&@ 16. The
host cell of aim 14 that produces epothilones A and B as jor products
and epot hicontagsng fardulatas. m nor products. 17. The host cell of Caim13

t hat produces epothilones C and D as major products. 18. The host cell of
T aim 17 that either does not contain an epoK gene or does not expressra
fully functior ( . . " i S
Myxococcus xant hus K111-40.1. 20. The host cell of Claim18 that is

Myxococcu ntgmlﬁgﬁg{% ' - 0 | f. . Claim13.,that contains

an epot hi ?50(%91 glgene |%1%dwé?c tg)ﬁbgg%ﬁ%%%%%r%glﬁ%%ﬁ%eﬂn ‘(Jﬁ?lbg of said PKS -
has been’ ahdo@poshtdy biybléis, THE IR driibn h&¥inkSRhABeER Abscried t cell
of Caim Zl%er ei nygai d nmodule is extnendergrmdul e 6. S:L99 281;3}]0@1&2’8% 2004

WO 01/ 8380ritRETHessdiptind/asl damiples thwsetof ckill irothe@ramwill 28cogatizs Hiat thai.d..
nmodul e | acks a functional 'ketoreductase domain and produces a 9-keto

epot hi | on&ventiopranheprastced i) a variety of embodimeniscihat tag oregoioge i s
t end .5. 25  The,host_cell of im 24, wherej id nmodul e 5
Chcke a1 ReHSint e ergripla Boer Hitoss o BRtnah g hobliny iyt the

epot hi | ongyliowing claims.
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26. The host cell of daim?21, wherein said nodul e is ext2hOetoban2lide 4.
27. The host cell of Claim?26, wherein said nodule | acks a functional

ket or edu in and produces a 13--keto epothilone. 28. The host cel |
of Claim Q&% ?%g@ggl n said nodul e i s extender nodul e 2, thPCTHEGWIAF9Bequence

for the ketosynthase domai n has been altered by nut ation to change an
active si (Haigysteine to another am no acid, .and which host cell nust be
provi ded a diketide equival ent conpound to produce an epothilone or

epot hi l one derivati ve. 29 The host cell of Claim28 that is Myxococcus
xant hzus stral n K90-132.1.1.2. 30. The host cell of Caim21l, wherein said
modul e i slext edtE§CO IlOStSQH of fhe mrdééﬂyﬁ@bu@'awmmtamcgal n said

nodul e has be nged so tha bi nds o acid o her than 1
cyst ei ne. eEpibing g Slf:’@lvlec%ﬂn%?% % hederologatsinel ftifesynhase oadi n ngr

nodul e. 3 [ as bee
repl aced &flf%j‘geﬁpn%{ﬁ e th at gly(ﬁgls&tg&nesm n%aggﬁig@ag%%g%% ovEr 5‘86’5"\7\0
01/ 83800 B4#l/+#dok113793 34. An epothilone derivative of the formula R7 O

OH O produced by culturing said host cell of Caim28 with a diketide
equi val ent conmpound of the forrrul a 0 where R7 is hydrogen or nethyl and

Ar is ar S | ect ed Lhe onsisting of Rio Res RRNRYAR>"
4R 4 Hy ¢ R gggiqqsg é) that 8 selected from%he famﬂy M _/xacoccaceae :
3. Thehost cell of Claim 1 that is selected from the family Cystobaétéraceaé.

4. The host cell of Claim 2 that is selected from a genus selected from the

group consisting of Angiococcus, Myxococcus, and Corallococcus.

5. ~ The host cell of Claim 3 that is selected from a genus selected from the
group consisting of Cystobacter, Melittangium, Stigmatella, and Archangium.

6. The host cell of Claim 4 that is selected from the genus Myxococcué.
7. The host cell of Claim 5 that is selected from the genus Stigmatella.

8. The host cell of Claim 6 that is selected from the group consisting of M.
stipitatus, M. fulous, M. xanthus, and M. virescens. .

9. The host cell of Claim 7 that is selected from the group consisting of S.

erectq, and S. aurantiaca.
10.  The host cell of Claim 8 that is Myxococcus xanthus,

11. A method for producing a polyketide in a host cell of the suborder
Cystobacterinene, which polyketide is not naturally produced in said host cell, said
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R - HNJ HNY RN where R is hydrogen, hydroxy, hal ogen, am nd8 Ocicb@320¥kyl
Cl--Cs hydroxyal kyl, G -Cs al koxy, and Q -C5 am noal kyl. 201 28 Cct ober
2004 WO 01/83800 PCT/US01/ 13793 35. The host cell of daim1 that further
conpri ses WORYSEOB| ogous gene that encodes for an enzyme ZETEBOHBI om t he
group consisting of an enzyne that transports a conpound into said cell

tscﬁi hlezl gé?éﬁégﬁgoéﬂweﬁqﬁhg A Sllg%%{)@em S %ﬁge’i‘%&e}“‘g@f’ gvélgggaté‘nd an

enzyne t haPI@mfwﬁadé@bh&he%ab@% expESed3fd Hhg ﬁ@ﬂfl&eﬁ‘cﬁé #s Rbaftéi. m 35,

wherein said enzyne is MatB. 37. The host cell of "Cl-aim 35, “wherein said
enzyne is MatC. 38. The host cell of Caim35, wherein said enzyne is

MaA. 39. {Ee h cel | a| m wherein said epothilone or epothilone
derivative gﬁﬁaﬁ%ﬂ 15‘?1“ eé&fgﬁ%ér thatpradaices gpodtilanemramot er

sel ected fE %]?Eﬂ onsisting of a pronoter froman S. cellul osum
epot hi | one g e':g!iﬁl(zyéaprgorn)t er from a nyxothi azol biosynthesis gene, "a

pronoter froma TA biosynthesis gene, a pil A pronoter, a pronoter froma
kanamycin resistance conferring gene, and a So ce9Q pronoter. 40. A nethod

for purifyildg althehoshidlnsfeChiramldhaeptoddias epo @ﬂmﬁs}rﬁﬂ%&hﬂ@ﬁ@, .said -
met hod conprising culturing said cell in the presence of resin,

el uting epéﬁﬁwﬁﬁﬁ% fromsaid resin, performng a solid phase extraction of
epot hilone eluted fromsaid resin, and perform ng chronat ography on

epot hilone resulting fromsaid solid phase extraction. 41. The method of

Gaims36 taal [yht RSk CHBFERAR 18 by Sldlcd BhRRHER, BT, S5 2 1 ne

epot hi | one D.

15.  The host cell of Claim 14 that is Myxococcus xanthus K111-32.25.

16.  The host cell of Claim 14 that produces epothilones A and B as major
products and epothilones C and D as minor producis.

17.  The host cell of Claim 13 that produces epothilones C and D as imajor
products.

18.  The host cell of Claim 17 that either does not contain an epoK gene or does
not express a fully functional epoK gene product.

19, The host cell of Claim 18 that is Myxococcus xanthus K111-40.1.

- 20.  The host cell of Claim 18 that is Myxococcus xanthus K111-72.4 4.
21.  The host cell of Claim 13 that contains an epothilone PKS gene in which a
coding sequence for a module of said PKS has been altered by mutation, deletion,

or replacement.

22, The host cell of Claim 21, wherein said module is extender module 6.
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202 28 COctober 2004 WO 01/83800 PCTIJS01/13793 43. A net h2@iOtmber 2004
fermentation of a Myxococcus host cell, which nethod conprises culturing
said cell_in Ii%ui d nmedium conprising a fatty acid or oil as a carbon
source. MOMHBMet hod of O aim 43, wherein said ferment atBGHUSM/137Bed
batch fernentation. 45. The nethod of Cl aim 43, wherein said Myxococcus
host cell produces. an epothilone or an epothilone derivative. 46. The
nmet hod of C aim45, wherein said host cell produces an epothil one

deri vati va3f halThedistbélbofOladnsdX) meherafii £ad nibddelifdlazohighctind] sai d 1 quid
medi um conprises L-serine. 47. A isolated conmpound of the fornmula 0 OH a

wher ei n:  Retorpdyuctrse degiairand paadu@sa 2keteepdthilodependent | y hydr ogen,
met hyl or ethyl; R4, R6 and RO are each independently hydrogen, hydroxyl,
or oxo; alternatively R5 and R6 together forma carbon carbon doubl e bond;

R7 is hydkrggen t & ; and R, are .bath rogen, gr .t oget her
forma carrngn c %@1&%@{(&&%@%»&?&%s&%ﬁ%@@e%y%%a&%ﬁe%oél WO
01/ 83800 PCTI USO01/ 13793 .Ar is aryl; and, Wis 0 or NR13 Wiere R13 is
hydrogen, G -Cww aliphatic, aryl or alkylaryl. 204

25.  The host cell of Claim 24, wherein said module 5 lacks a functional
dehydratase domain and produces a 13-hydroxy epothilone.

26.  The host cell of Claim 21, wherein said module is extender moduie 4.

27.  The host cell of Claim 26, wherein said module lacks a functional
ketoreductase domain and produces a 13-keto epothilone.

28.  The host cell of Claim 21, wherein said module is extender module 2, the
coding sequence for the ketosynthase domain has been altered by mutation to
change an active site cysteine to another amino acid, and which host cell must be
provided a diketide equivalent compound to produce an epothilone or

epothilone derivative.
29.  The host cell of Claim 28 that is Myxococcus xanthus strain K90-132.1.1.2.
30.  The host cell of Claim 21, wherein said module is extender module 1. -

31.  The host cell of Claim 30, wherein said module has been ¢hanged so that it

binds an amino acid other than cysteine.
32. . The host cell of Claim 21, wherein said module is a loading module.

33.  The host cell of Claim 32, wherein said module has been replaced with a

module that binds an amino acid.
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34.  Anepothilone derivative of the formula

O OH O
produced by culturing said host cell of Claim 28 with a diketide equlvalent

compound of the formula

0O
Ar \/l\n/s \/\N)k
H
3 }

where R7 is hydrogen or methyl and Ar is aryl is selected from the:grbup

- consisting of
O 0% - 10 0 T
s s R’\f}/s '
R/‘ZV e e e
| 2 AR Y
O Co o

R ?2 R ?l ??. L ?Z
where R is hydrogen, hydroxy, halogen, amino, C3-Cs a]kyl G-Cs hydroxyalkyl

C1-Cs alkoxy, and Ci-Cs aminoalkyl.
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35, Thehost cell of Claim 1 that further comprises a heterologous gene that
encodes for an enzyme selected from the group consisting of an enzyme that
transports a compound into said cell that is utilized in biosynthesis of the
polyketide, an enzyme that synthesizes a compound utilized in biosynthesis of
the polyketide, and an enzyme that phosphopantetheinylates a PKS.

36.  Thehost cell of Claim 35, wherein said enzyme is MatB.
37.  The host cell of Claim 35, wherein said énzyme is MaiC.
38.  The host cell of Claim 35, wherein said enzyme is MtaA.

39, The host cell of Claim 13, wherein said epothilone or epothilone derivative
is produced by a PKS gene under the control of a promoter selected from the
group consisting of a ‘promoter from an S. cellulosum epothildne PKS gene, a
promoter from a myxothiazol biosynthesis gene, a promoter from a TA
biosynthesis gene, a pilA promoter, a promoter from a kahamycin resistance

conferring gene, and a So ce90 promoter.

40. A method for purifying an epothilone from a cell that produces
epothilone, said method comprising culturing said cell in the presence of XAD
resin, eluting epothilone from said resin, performing a solid phase extraction of
epothilone eluted from said resin, and performing chromatography on

epothilone resulting from said solid phase extraction.
41.  The method of Claim 36 that further comprises a crystallization step.

42,  Cyystalline epothilone D.
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43. A method for fermentation of a Muyxococcus host cell, which method
comprises culturing said cell in liquid medium comprising a fatty acid or oil as a

carbon source.

44.  The method of Claim 43, wherein said fermentation is a fed-batch

fermentation.

45.  The method of Claim 43, wherein said Myxococcus host cell produces an

epothilone or an epothilone derivative.
46.  The method of Claim 45, wherein said host cell produces an epothilorie
derivative that contains an oxazole instead of a thiazole, and said liquid medium -

comprises L-serine.

47.  Aisolated compound of the formula

wherein:

RT, R? R3, R®, RY, and R?2 are each independently hydrogen, methyl or
ethyl |
R% R6 and R? are each independently hydrogen, hydroxyl, or oxo;

alternatively
RS and R® together form a carbon carbon double bond;
R7is hydrogen, methyl, or ethyl; _
R8 and RW are both hydrogen or together form a carbon carbon double

bond or an epoxide;
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Ar is aryl; and,
W.is O or NRB where R® is hydrogen, C2-Cyo aliphatic, aryl or alkylaryl.
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